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Core research agendas for sustainability science include the following: (1) co- 
designing future scenarios and visions with a participatory approach, (2) integrating 
indigenous and local knowledge (ILK) systems into both scientific knowledge and 
future scenarios, and (3) the formulation of actions to transform society toward a 
more sustainable future (Miller et al. 2014; Schneider and Rist 2014; Kishita et al. 
2016; Saito 2017).
In 2016, the Intergovernmental Platform on Biodiversity and Ecosystem Services 
(IPBES) approved a methodological assessment report on scenarios and models of 
biodiversity and ecosystem services. This report guides experts, stakeholders, and 
policy makers regarding the use of scenarios and models to perform assessments 
within IPBES. In this assessment report, “Scenarios” are defined as representations 
of possible futures for one or more components of a system. In this case, this is 
achieved with particular emphasis on drivers of change in nature and natural 
resources, including alternative policy or management options.
While IPBES has identified the development of scenarios as a key to aid decision- 
makers in identifying potential impacts of different policy options, it currently lacks 
studies on substantial long-term-scenario approaches (Kok et  al. 2017). IPBES 
emphasizes the importance of ILK together with the social–ecological dynamics of 
biodiversity and ecosystem services; therefore, engaging with the substantial diver-
sity of local contexts through participatory processes is essential.
To meet this challenge, the authors launched a new project in 2016 named 
“Predicting and Assessing Natural Capital and Ecosystem Service (PANCES)” 
which has been funded by Japan’s Ministry of the Environment. The aim of this 
project is to develop an integrated assessment model of social–ecological systems 
to predict and assess natural and socio-economic values of natural capital and eco-
system services in Japan under various future scenarios (including differing socio- 
economic conditions and policy options) (PANCES website: http://pances.net/top/). 
PANCES also promotes multilevel governance of natural capital to maintain and 
improve “inclusive well-being” and to demonstrate the integrated assessment model 
at both national and local scales in Japan and beyond.
vi
Responding to the call for papers for “Future scenarios for socio-ecological 
production landscape and seascape” as a special feature of Sustainability Science 
in 2017 (Takeuchi et  al. 2017), nearly 30 abstracts were submitted. In January 
2019, 16 articles were published as a part of this special feature (Saito et al. 2019). 
In parallel with this special feature, we started editing this book by selecting stud-
ies which fit well with the aim and scope of this book from the pool of collected 
abstracts. Out of 9 chapters, 5 chapters (Chaps. 1–3, 8, and 9) emerged from the 
PANCES project, 2 chapters (Chaps. 6 and 7) from the International Partnership 
for the Satoyama Initiative (IPSI: https://satoyama-initiative.org/), and 2 chapters 
(Chaps. 4 and 5) from external partners in Japan and Bangladesh. The manu-
scripts outside of the PANCES project were selected on the basis of the quality of 
the studies, and their practical implications to sustainable management of socio-
ecological production landscape and seascape. We would like to acknowledge 
that most of case studies and review works in this book were funded by the 
Environment Research and Technology Development Fund (S-15 “Predicting and 
Assessing Natural Capital and Ecosystem Services” (PANCES), Ministry of the 
Environment, Japan.
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Chapter 1
Introduction: Socio-ecological Production 
Landscapes and Seascapes
Osamu Saito, Suneetha M Subramanian, Shizuka Hashimoto, 
and Kazuhiko Takeuchi
Abstract This book presents up-to-date analyses of community-based approaches 
to the sustainable resource management of socio-ecological production landscapes 
and seascapes (SEPLS) in areas where a harmonious relationship between the natu-
ral environment and the people who inhabit it is essential to ensure community and 
environmental well-being as well as to build resilience in the ecosystems that sup-
port this well-being. This chapter introduces the key concepts and approaches, 
objectives, and organization of this book.
Keywords Socio-ecological production landscapes · Indigenous and local 
knowledge · Science–policy interface · Ecosystem services · Visualization · 
Mapping · Stakeholder analysis
O. Saito (*)
United Nations University Institute for the Advanced Study of Sustainability  
(UNU-IAS), Shibuya, Tokyo, Japan 
Institute for Global Environmental Strategies (IGES), Hayama, Kanagawa, Japan 
Institute for Future Initiatives (IFI), The University of Tokyo, Bunkyo, Tokyo, Japan 
e-mail: saito@unu.edu 
S. M. Subramanian 
United Nations University International Institute for Global Health (UNU-IIGH),  
Cheras, Kuala Lumpur, Malaysia 
S. Hashimoto 
Graduate School of Agriculture and Life Sciences, The University of Tokyo, Bunkyo, Tokyo, 
Japan 
K. Takeuchi 
Institute for Global Environmental Strategies (IGES), Hayama, Kanagawa, Japan 
Institute for Future Initiatives (IFI), The University of Tokyo, Bunkyo, Tokyo, Japan
2
1.1  Socio-ecological Production Landscapes and Seascapes
A landscape can be defined as “an area, as perceived by people, whose character 
is the result of the action and interaction of natural and/or human factors” (Council 
of Europe 2000). Socio-ecological production landscapes and seascapes (SEPLS) 
can be characterized by a mosaic of different ecosystem types: secondary forests, 
timber plantations, farmlands, irrigation ponds, wetlands, grasslands, beaches, 
and coastal zones, as well as human settlements. SEPLS are managed via interac-
tions between ecosystems and humans to create various ecosystem services for 
human well-being (Japan Satoyama Satoumi Assessment (JSSA) 2010; Takeuchi 
2010; Duraiappah et al. 2012). In Japan, the term satoyama is used for such land-
scapes (Fig. 1.1 top), while satoumi refers to such seascapes (Fig. 1.1 bottom). 
The term “cultural landscapes” is often used synonymously for similar landscapes 
where people have developed and sustainably managed the landscape over a long 
period of time. According to UNESCO (2008), cultural landscapes represent the 
“combined works of nature and of man” and are illustrative of the evolution of 
human societies and settlements over time. Examples of cultural landscapes 
include the rice terrace landscapes of the Philippines, the Black Forest mountain 
range in southern Germany, extensively used mountain grasslands in the European 
Alps, and the dehesa agroforestry landscapes on the Iberian Peninsula (Plieninger 
and Bieling 2012).
According to the Millennium Ecosystem Assessment (2005), ecosystem ser-
vices are defined as benefits obtained from ecosystems, including provisioning ser-
vices such as food and water; regulating services such as the regulation of floods, 
droughts, and diseases; supporting services such as soil formation and nutrient 
cycling; and cultural services such as recreational, spiritual, and other nonmaterial 
benefits. The Intergovernmental Science-Policy Platform on Biodiversity and 
Ecosystem Services (IPBES) extended the concept of ecosystem services to nature’s 
contributions to people (NCPs) which can capture all types of contributions by 
nature, whether these contributions result in gains or losses for humans. The notion 
of NCP also recognizes the central and pervasive role that culture plays in defining 
all links between people and nature and in emphasizing and operationalizing the 
role of indigenous and local knowledge in understanding NCPs (Fig. 1.2). IPBES 
identified 18 such categories for reporting NCPs within a generalized perspective 
organized into three partially overlapping groups: regulating, material, and nonma-
terial NCPs. Even though the concept of NCP is formally approved by IPBES and 
used in IPBES assessments, NCP is still quite a new concept and requires a transi-
tional period to be widely acknowledged. Therefore, this book uses the term eco-
system services to represent various tangible and intangible values provided 
by nature.
The categories in gray are part of the framework but not the focus of Díaz et al. 
(2018). Concepts pointed to by the arrowheads replace or include concepts near 
the arrow tails. Concepts in dotted-line boxes are no longer used; following the 
present view of the Millennium Ecosystem Assessment community, supporting 
ecosystem services are now components of nature or (to a lesser extent) regulat-
ing NCPs.
O. Saito et al.
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Fig. 1.1 Illustrations of satoyama (top) and satoumi (bottom) (Saito and Shibata 2012)
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Fig. 1.2 Evolution of nature’s contributions to people (NCPs) and other major categories in 
the IPBES conceptual framework (1) with respect to the concepts of ecosystem services and 
human well-being as defined in the Millennium Ecosystem Assessment (2) (Modified from 
Díaz et al. 2018)
O. Saito et al.
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1.2  Challenges and Opportunities for Contemporary SEPLS
1.2.1  Challenges
According to the IPBES Global Assessment (IPBES 2019), the rate of global change 
in nature during the past 50 years is unprecedented in human history even though the 
rate of change differs between regions and countries. The direct drivers of change in 
nature with the largest global impact have been changes in land and sea use, the 
direct exploitation of organisms, climate change, pollution, and invasions of alien 
species. These five direct drivers are in turn underpinned by societal values and 
behaviors that include production and consumption patterns, human population 
dynamics and trends, trade, technological innovations, and local to global governance.
The Asia–Pacific region is home to nearly 60% (4.5 billion) of the current global 
population, 52% (400 million) of the 767 million global poor, and as much as 75% 
of the global population of 370 million indigenous people. Most of the latter have 
distinct but increasingly threatened traditions and cultures and have been maintain-
ing their livelihoods in harmony with nature and managing landscapes and sea-
scapes for generations (IPBES 2018). In addition to rapid economic growth, 
globalization, urbanization, infrastructure development, unsustainable use, and 
invasive alien species, the IPBES Asia–Pacific Regional Assessment (2018) high-
lighted a decline in traditional agrobiodiversity, along with its associated indigenous 
and local knowledge, due to a shift toward the intensification of agriculture with a 
small number of improved crop species and varieties.
The Japan Biodiversity Outlook (Japan Biodiversity Outlook Science Committee 
2010) and Japan’s National Biodiversity Strategy and Action Plan (Ministry of the 
Environment, Japan 2012) have recognized four biodiversity crises that have been 
faced by Japan in recent years. The first crisis stems from development, overexploi-
tation, and water contamination. This crisis has been particularly influential; how-
ever, the situation has been mitigated by the regulation of developmental activities 
and the slowing of economical development. The second crisis is caused by the 
reduced use and insufficient management of SEPLS. This tendency continues to 
intensify due to depopulation and the aging of populations in rural areas in Japan. 
Factors contributing to the third crisis include invasive alien species and chemical 
substances introduced by humans. Climate change, as the fourth crisis, has rein-
forced the effects of the other crises, causing serious concern regarding certain par-
ticularly vulnerable ecosystems.
1.2.2  Opportunities
IPBES Global Assessment (IPBES 2019) stressed that “goals for conserving and 
sustainably using nature and achieving sustainability cannot be met by current trajec-
tories, and goals for 2030 and beyond may only be achieved through transformative 
1 Introduction: Socio-ecological Production Landscapes and Seascapes
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changes across economic, social, political, and technological factors.” It is necessary 
for us to conserve, restore, and use nature sustainably while simultaneously meeting 
other global societal goals via extensive efforts to foster transformative change. 
Transformations toward sustainability can be triggered by the following key leverage 
points: (1) visions of a good life; (2) total consumption and waste; (3) values and 
actions; (4) inequalities; (5) justice and inclusion in conservation; (6) externalities 
and telecoupling; (7) technology, innovation, and investment; and (8) education and 
knowledge generation and sharing (IPBES 2019). The  transformation pathways will 
vary depending on the context, with different challenges and needs in developing and 
developed countries. Therefore, “risks related to inevitable uncertainties and com-
plexities in transformations toward sustainability can be reduced through governance 
approaches that are integrative, inclusive, informed, and adaptive” (IPBES 2019).
In the Asia–Pacific region, regional cooperation for the transboundary conserva-
tion of threatened landscapes and seascapes is expanding and showing positive out-
comes (IPBES 2018). Biodiversity-rich and threatened terrestrial, marine, and 
wetland ecosystems transcend political boundaries. Transboundary conservation 
initiatives take different forms including upstream–downstream river basins initia-
tives (e.g., in the Mekong Delta Basin), ridge-to-reef arrangements (coral reef con-
servation and management through community-based approaches emphasizing 
land–sea connectivity), and regional cooperative agreements (IPBES 2018).
As one such transboundary/international conservation initiative, the Japanese 
Government and United Nations University launched a new international initiative 
called “the Satoyama Initiative,” which aims to promote sustainable production 
landscapes and seascapes via a broader global recognition of their value (Takeuchi 
2010). This initiative promotes developing an international network of organiza-
tions working on SEPLS to share knowledge and best practices on a global scale to 
alleviate some of the problems caused by the loss of biodiversity. Globally Important 
Agricultural Heritage Systems, coordinated by the Food and Agriculture 
Organization, is another international initiative that promotes public understanding, 
awareness, and the national and international recognition of agricultural heritage 
systems including SEPLS.
1.3  Sustainability Science Research and SEPLS
Understanding SEPLS and the forces of change that can weaken their resilience 
requires the integration of knowledge across a wide range of academic disciplines 
as well as from indigenous knowledge and experience. Moreover, given the wide 
variation in the socio-ecological makeup of SEPLS globally, as well as in their 
political and economic contexts, individual communities will be at the forefront of 
developing appropriate measures for their unique circumstances. This in turn 
requires robust communication systems and broad participatory approaches.
O. Saito et al.
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Sustainability Science (SuS) has emerged as a new transdisciplinary academic 
discipline in the last decade and offers a new, broad-perspective approach to deal 
with complex, long-term global issues, such as human-induced climate and ecosys-
tem changes. It aims to promote solutions that contribute to rebuilding a sound rela-
tionship between human societies and the environment (UNESCO 2017). SuS 
research is highly integrated, participatory, and solution driven and, as such, is well 
suited to the study of SEPLS. Using case studies, literature reviews, and SuS analy-
ses, this book explores various approaches to stakeholder participation, policy devel-
opment, and appropriate actions for the future of SEPLS. It provides  communities, 
researchers, and decision-makers at various levels with new tools and strategies for 
exploring scenarios and creating future visions for sustainable societies.
This book presents up-to-date experience and analyses of various approaches to 
the sustainable resource management of SEPLS, primarily based on experiences 
in Asia.
1.4  Objectives and Organization of the Book
SEPLS are areas in which the majority of inhabitants rely on the well-being of the 
landscape or seascape ecosystem. By definition, a harmonious relationship between 
the natural environment and the people who inhabit it is essential to ensure com-
munity and environmental well-being as well as to build resilience in the ecosys-
tems that support this well-being. Understanding SEPLS and the forces of change 
that can weaken their resilience requires the integration of knowledge across a wide 
range of academic disciplines as well as from indigenous knowledge and experi-
ence. Moreover, given the wide variation in the socio-ecological makeup of SEPLS 
around the world, as well as in their political and economic contexts, individual 
communities will be at the forefront of tailoring the approaches necessary to their 
unique circumstances. Including SuS research approaches and integration of indig-
enous and local knowledge systems and scientific knowledge, this book explores 
various approaches to stakeholder participation, policy development, and appropri-
ate action for the future of SEPLS. By providing such approaches and tools, this 
book shows how decision-makers and policy planners can promote robust collabo-
rations between different stakeholders that will contribute to the effective imple-
mentation of conservation and development policies for sound resource management 
in SEPLS.
While Chaps. 2–5 cover specific case studies of land/seascapes in Japan (Chaps. 
2–4) and in Bangladesh (Chap. 5), Chaps. 6–8 consist of a series of review articles 
that explore lessons learned from assessing resilience in SEPLS (Chap. 6), solutions 
for the sustainable management of SEPLS in Asia (Chap. 7), and the effectiveness 
of biodiversity science–policy interfaces (SPIs) from local to global scales (Chap. 
8). The book highlights various approaches to navigate the sustainable resource 
management of SEPLS from local to global scales.
1 Introduction: Socio-ecological Production Landscapes and Seascapes
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Focusing on marine systems, Chap. 2 examines the interrelationships between 
sectoral policy interventions by various marine-related ministries and the entire 
structure of integrated ocean policies. Focusing on the Sekisei Lagoon, Okinawa 
Prefecture, on the southeastern tip of the Japanese archipelago, this study demon-
strates clear structural and functional interlinkages between relevant sectors, further 
highlighting the close connections between various stakeholders at the ecologi-
cal level.
Chapter 3 focuses on engaging tourists in addressing the issue of invasive fish 
species (carp) via a choice experiment survey conducted in Amami Oshima, Japan, 
to quantify the willingness of tourists to participate in invasive carp removal in 
nature-based tourism.
Given the rapid urbanization of the Asian region, we also focus on approaches to 
ensure sustainability in urban contexts. Using an example from the city of Toyama 
in Japan, Chap. 4 highlights how urban systems can move toward sustainability 
using an envisioning method and further identifies pathways to reach such visions. 
The chapter focuses on participatory approaches in urban contexts and identifies 
ways of bringing together various perspectives to enable planning.
Chapter 5 highlights how local institutions and traditional knowledge can be 
incorporated when addressing the sustainable use and conservation of biodiversity, 
focusing on experiences from the Sunderbans area in Bangladesh.
Chapter 6 dwells on this issue as it narrates experiences from the Satoyama 
Initiative in the development and use of indicators of resilience in SEPLS in differ-
ent regions of the world. This indicator toolkit is being used to assess, consider, and 
monitor the circumstances of a landscape or seascape, identifying important issues 
and ultimately improving their resilience.
Chapter 7 identifies various categories of solutions for the sustainable manage-
ment of SEPLS based on the experiences of partners from the South, East, and 
Southeast Asian countries of the International Partnership for the Satoyama 
Initiative.
Chapter 8 provides a review of the effectiveness of different biodiversity SPIs, 
which play a vital role in navigating policies and actions with a sound evidence 
base. Based on a systematic review of 96 SPI studies from local to global scales, this 
chapter examines the SPIs in terms of their perceived credibility, relevance, and 
legitimacy.
Chapter 9 consolidates Chaps. 2–8 to identify key messages and future actions 
to improve the science–policy–society interface for SEPLS, including future 
research directions.
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Chapter 2
Mapping the Policy Interventions 
on Marine Social-Ecological Systems: Case 
Study of Sekisei Lagoon, Southwest Japan
Mitsutaku Makino, Masakazu Hori, Atsushi Nanami, Juri Hori, 
and Hidetomo Tajima
Abstract Using a case of the Sekisei Lagoon, Okinawa Prefecture, the southeast-
ern tip of Japanese archipelago, this chapter discussed the interrelationships among 
the sectoral policy interventions by various marine-related ministries, and the 
whole structure of the integrated ocean policy. First, we developed the Social-
Ecological Systems (SES) Schematic, which summarized the main ecosystem 
structures, functions, use types, and the stakeholders relating to the Sekisei Lagoon. 
Then, sectoral policy interventions by various ministries were overlaid onto the 
SES schematic to graphically show their interrelationships. We found that the eco-
system structure and functions used by one sector is closely connected to other 
structures and functions, which are then used by other sectors. In other words, all 
the stakeholders in the social system are closely interlinked at the ecological sys-
tem level. Secondly, all in all, sectoral policy interventions by various ministries 
are covering almost all part of the Sekisei Lagoon SES, and therefore, the total 
coordination of the sectoral policy interventions and the creation of the synergy 
effects are required. In this process, the cabinet office and the local government 
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will play the important roles. Finally, this SES schematic can be used as a boundary 
object to facilitate the knowledge exchanges among various stakeholders including 
the policy makers, practitioners, and researchers, to share the common understand-
ings of the current situation, and to cocreate the policy interventions for the sustain-
able uses of Sekisei Lagoon.
Keywords Integrated ocean policy · Sectoral policy interventions · Social- 
ecological systems (SES) schematic · Mapping · Stakeholders · Sekisei Lagoon
2.1  Introduction
2.1.1  Ocean Policy in Japan
In Japan, eight ministries are implementing marine-related policies, i.e., Ministry of 
Agriculture, Forestry and Fishery: MAFF, Ministry of Environment: MoE, Ministry 
of Land, Infrastructure, Transport and Tourism: MLIT, Ministry of Education, 
Culture, Sports, Science and Technology: MEXT, Ministry of Economy Trade and 
Industry: METI, Ministry of Internal Affairs and Communications: MIC, Ministry 
of Foreign Affairs: MFA, and Ministry of Defense: MoD. Each ministry has its own 
policy missions, legal basis, marine use-types under the jurisdiction, and stakehold-
ers. Traditionally, each ministry has been implementing its specific policy interven-
tions separately and independently (often called as “sectoral policy interventions”). 
As the result, it has not been clear enough how the Japanese ocean policy, as a 
whole, would deal with the up-to-date issues such as environmental degradation, 
overfishing, integrated coastal zone management, national security, etc. Therefore, 
in 2007, in order to promote the coordination among sectoral policies interventions 
by eight ministries and to formulate the integrated ocean policy, the Basic Act on 
Ocean Policy (hereafter, the Act) was legislated (Sakamoto 2018; Makino 2011). 
Based on the Act, the Headquarter for the Ocean Policy was formulated at the 
Cabinet Secretariat of Japan (moved to the Cabinet Office in 2017), headed directly 
by the Prime Minister.
2.1.2  Objective of This Chapter
Conventionally, a lot of assessments and analysis have been conducted on the 
design or effectiveness of the sectoral policy interventions, and therefore analytical 
methodologies for that purpose have been developed (For example, Dunn 2016; 
Weimer and Vining 2017). Recently, many studies have been conducted on the 
M. Makino et al.
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interrelationships among the sectoral policy interventions by each ministry, and on 
the comprehensive design or the effectiveness of the integrated ocean policy as a 
whole (for example, Cicin-Sain and Knecht 1998; Guneroglu 2015). Also, marine 
ecosystems have high uncertainties and fluctuations with very limited scientific 
knowledge. And because the objective of the ecosystem conservation are “the mat-
ter of societal choices” (Principle 1 of the Ecosystem Approach of the Convention 
on Biological Diversity), the expected effects by policy interventions to the stake-
holders are important information for the social agreement and the effective co-
implementation of the policy interventions (Ban et al. 2013; Ehler 2014; Kittinger 
et al. 2014; Schultz et al. 2015; Bodin 2017). Therefore, using a case of the Sekisei 
Lagoon, Ishigaki City, Okinawa Prefecture, Japan (Fig. 2.1), this chapter tried to 
understand and to analyze the whole structure of the marine-related policy mea-
sures introduced by various ministries, and their interrelationships with not only the 
ecosystem structures and functions but also with the various use types and stake-
holders. Especially, based on the first Basic Principle of the Act (Article 2), this 
chapter focused on the policy interventions for “ Harmonization of the Development 
and Use of the Oceans with the Conservation of Marine Environment”.
There are many types of uses in the Sekisei Lagoon. Traditionally, the fisheries 
resources at the very nearshore coastal area have been utilized by the local people at 
the daily basis and it constitutes an important part of local culture (Sugimoto 2016). 
The main commercial uses are the fishery and tourism. Because it is remoted islands 
area, marine transport (people, food, goods, etc.) are also very important. In addi-
tion, the environmental education and research activities by local schools and NGOs 
(for example, the WWF Japan) are very active here. On the other hand, for the last 
few decades, the coral reefs have been widely destroyed and deteriorated presum-
ably by the over uses by various stakeholders, impacts from the land, and the effects 
from climate change. To deal with this issue, the “Sekisei Lagoon Nature Restoration 
Committee” was established and variety of policy interventions have been imple-








Fig. 2.1 Location of the 
Sekisei Lagoon, Ishigaki 
City, Okinawa Prefecture
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2.2  Method
2.2.1  The Social-Ecological Systems (SES) Schematic
There are many ways to conceptualize the interrelationships between ecological 
system and social systems (For example, Ostrom 2009, Berkes et al. 2014, Bodin 
2017, Diaz et al. 2018, etc.) Some studies drew social-ecological diagram based on 
the interviews/workshops with local stakeholders. For example, Howard et  al. 
(2013) dealt with the climate change in Australia and discussed the marine biodiver-
sity conservation scenarios with stakeholders. Tiller et al. (2017) discussed about 
the governance of Norwegian salmon aquaculture with local stakeholders and gov-
ernment officers, and developed the conceptual map. In this chapter, because our 
study focused on the policy interventions for harmonization of the uses and conser-
vation (Article 2 of the Act), we tried to describe the interrelationship among the 
main ecosystem structures, ecosystem functions, ecosystem use types, and stake-
holders, in the following manner.
Firstly, the ecological scientists in the co-authors conducted the literature reviews 
and hearing survey to biologists, ecologists, fisheries scientists, etc., who are doing 
natural science researches on the Sekisei Lagoon, and identified the important eco-
system structure and functions there. On the other hand, the social scientists in the 
coauthors conducted the web-based survey to identify the main stakeholders relat-
ing to the marine ecosystem services (Hori et al. 2017). Based on the result, they 
conducted the field stakeholder analysis in Ishigaki City (snowball method inter-
views) to identify the main use-types of the Sekisei Lagoon ecosystem services. 
They interviewed to the local fishers, agricultural farmers, local/national govern-
ment officers, coast guard, local researchers, environmental NGOs (including 
WWF-Japan), tourism association, diving association, restaurants, ferry company, 
and local hotels. Finally, these results are combined into an integrated diagram, 
called as the Sekisei Lagoon Social-Ecological Systems (SES) Schematic.
2.2.2  Review of the Policy Interventions
Based on the Sekisei Lagoon SES Schematic, literature reviews and interviews 
were conducted to the local/central government officers and environmental policy 
experts, and a list of main legal basis (acts) relating to the policy interventions to the 
Sekisei Lagoon by various ministries was developed. Then, coauthors identified the 
components within the Sekisei Lagoon SES Schematic that each policy intervention 
by each ministry is targeting. Finally, the coverages of the overall policy interven-
tions by various ministries were graphically summarized over the SES Schematic 
(Makino et al. 2018).
M. Makino et al.
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2.3  Results
Figure 2.2 is the Sekisei Lagoon SES Schematic developed by the authors. It shows 
that the ecosystem functions in the coastal areas, in which the reef building corals 
locate, are closely linked to the land, intertidal, and the offshore ecosystems. For 
example, juvenile fish grew up in the nursery ground at the intertidal area, which is 
under the heavy influences from the land discharges, and then inhabit to the coral 
reef areas where fisheries operations are conducted. Also, it shows the wide-ranging 
ecosystem functions have been utilized by various use types and stakeholders. For 
example, fisheries sector (fishers, processors, retailers, etc.) are relying on the eco-
system functions such as nursery ground, spawning ground, feeding area, etc., for 
harvesting fish. The same functions are also utilized by other sectors such as the 
tourism sector.
Table 2.1 summarized the government bodies, legal basis (acts), and their target 
components in the Sekisei Lagoon SES Schematic. There are more than 50 acts 
under the charge of at least five ministries and local government (Okinawa Prefecture 
and Ishigaki City). Note that, the policy measures relating to the MoD, are impor-
tant, but not directly relating to the ecosystem of the Sekisei Lagoon. Therefore, 
they are excluded from this analysis. Also, there is a territorial issue in Ishigaki City, 
and therefore policy interventions by the MFA are important, but it was excluded 
based on the same reason. METI is mainly in charge of the marine renewable energy 
development such as offshore wind power, or sea bottom resource development 
such as submarine manganese nodules or cobalt-rich crust, both of them are not 
existing around the Sekisei Lagoon at the moment. MIC is mainly in charge of the 
information and communication technologies for vessels or communities in the 
remoted islands, which is again not the case in the Sekisei Lagoon.
Finally, Figs. 2.3, 2.4, 2.5, 2.6, 2.7, and 2.8 graphically summarized the coverage 
of each sectoral policy interventions on the SES Schematic. The dark color shows 
the direct and stronger relationships (double circles in Table 2.1), while light color 
shows the indirect and weaker relationships (single circles in Table 2.1). The char-
acteristics of each sectoral policy are clearly illustrated. For example, MAFF mea-
sures (Fig. 2.4) are targeting the ecosystem functions and structures directly relating 
to the fisheries resources and agriculture on land, while MoE measures (Fig. 2.3) are 
more about the water quality or waste/soil management, as well as the nature resto-
ration activities for coral reefs such as the management of the “Sekisei Lagoon 
Nature Restoration Committee”. MLIT (Fig. 2.5) is in charge of tourism and trans-
port, as well as the land development on the island. As shown in Fig. 2.6, MEXT’s 
main policy target is research, education, monitoring, and the conservation of the 
natural/cultural monuments. The Cabinet Office (Fig. 2.8) are covering almost all 
part of the SES based on the national-scale plans or strategies such as Ocean Basic 
Plan, Marine Biodiversity Conservation Strategy, Okinawa Promotion and 
Development Plan, etc. Similarly, the local government has similar plans/strategies 
and covering almost all the SES components (Fig. 2.7).
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2.4  Discussions
2.4.1  SES Schematic as a Boundary Object
This chapter tried to graphically summarize the main ecosystem structure, func-
tions, use types and the stakeholders of the Sekisei Lagoon, and then link them to 
the various ministries and legal basis for the policy interventions. This is a genuine 
interdisciplinary work for understanding the coastal social-ecological systems 
(Armitage et al. 2017). This schematic can be used as a boundary object (Star and 
Griesemar 1989; Cash et  al. 2003) to facilitate the knowledge exchanges among 
various stakeholders, to share the common understandings of the current situation, 
and to cocreate the innovative governance activities for the sustainable uses of the 
Sekisei Lagoon. As Reed et al. (2014) pointed out, inclusion of the stakeholders into 
the knowledge exchange scheme from the very early stage of a research project is 
important and effective option for the continued motivation and engagement by the 
stakeholders. Similarly, the knowledge exchange between researchers and decision- 
makers is important for effectively implementing the adaptive governance of the 
marine resources (Cvitanovic et al. 2015). Indeed, during the interviews about the 
policy interventions, the government officers and environmental policy experts 
often said to us that this SES schematic is useful to identify their administrative 
jurisdictions from a wider point of view, and to understand the interrelationships 
with other ministries or other sectors.
2.4.2  Integration of the Sectoral Policies and the Multilevel 
Governance
It is clearly shown in Fig. 2.2 that, the ecosystem structure and functions used by a 
certain stakeholder is closely connected to other structures and functions, which are 
then used by other sectors. Therefore, for example, environmental policy interven-
tions for biodiversity conservation are also important for and effective to the sus-
tainable fisheries (Friedman et al. 2018). This is one of the strongest messages made 
by the SES Schematic analysis.
Figures 2.2, 2.3, 2.3, 2.4, and 2.5 show that the majority of SES components are 
covered by some sectoral policy interventions by MoE, MAFF, MLIT, and 
MEXT. Therefore, all in all, sectoral policy interventions are covering the majority 
of the Sekisei Lagoon SES. This is the second strongest finding from this study. It 
means, the only remained task is the coordination from the viewpoint of the inte-
grated ocean policy as a whole and the creation of the synergy effects. Theoretically, 
as Table 2.1 and Figs. 2.7 and 2.8 show, the local government and the Cabinet Office 
can cover most of the SES components. Therefore, to achieve the harmonization of 
uses and conservation (Article 2 of the Act), local government (Okinawa Prefecture, 
Ishigaki City), and the Cabinet Office (Headquarter for the Ocean Policy) can 
M. Makino et al.
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potentially play the central roles in the policy coordination and create the synergy 
effects. However, in reality, these organizations have smaller budgets, less staffs, 
and limited policy capacities compared to the sectoral ministries such as MoE, 
MAFF, MLIT, and MEXT. But they have advantages, as well. For example, local 
government has the local sense of the realities and the close connections to the local 
stakeholders. These are important and powerful advantages to codesign and co- 
implement the policy interventions. The Cabinet Office has the authority to coordi-
nate other ministries, and it has the legal base to do that such as the Basic Ocean 
Plan of 2018 or the Marine Biodiversity Conservation Strategy, etc. Therefore, the 
more detailed analysis is required on how to design the multilevel governance 
framework for the effective ocean policy as a whole, and on the ideal role sharing 
and knowledge sharing scheme among the national government (including minis-
tries), local government, local people, resource users, nongovernmental organiza-
tions, etc. (Jones 2014; Oyama 2017; Gerhardinger et  al. 2018). Note that, as 
Makino et  al. (2009) discussed, international organizations can sometimes play 
important roles to facilitate the multilevel and integrated governance within a coun-
try. Now, the Japanese government is planning to recommend this area to the 
UNESCO World Natural Heritage. The inscription to the Heritage List will bring 
additional effects for the ocean policy integration.
2.4.3  Next Step
This schematic is a qualitative expression of the interrelationships within the Sekisei 
Lagoon Social-Ecological Systems. Therefore, we cannot draw any lessons or 
implications about the cumulative effects or the trade-offs. Also, we cannot discuss 
the timescale issues or the magnitude of uncertainties or fluctuations within this 
schematic. In order to deal with these issues, quantitative model are needed. Also, 
we need the Geographical Information System (GIS) analysis to understand the 
spatial dynamics within the Sekisei Lagoon SES. However, taking the limitation of 
the research budget and human resources into account, it is neither realistic nor 
desirable to construct the detailed quantitative models for all the components of the 
Sekisei Lagoon SES. We need to set the priorities. In doing that, the SES Schematic 
can be utilized as a boundary object for local stakeholders, researchers, and decision- 
makers to discuss together to identify which part of the Sekisei Lagoon SES should 
be deeply analyzed by the detailed quantitative models. This is how the SES 
Schematic analysis and the quantitative modeling analysis can be linked in a trans-
disciplinary research project.
By incorporating the future climate scenarios to the SES Schematic, we can dis-
cuss the potential effects to both the ecological and social system. Figure 2.9 is the 
preliminary results of such exercise. As experienced in the Great Barrier Reef, the 
climate change will trigger the mass breaching and death of the coral reef, which 
then lead to the cross-scale effects to the larger ecosystem (Stuart-Smith et al. 2018). 
The Sekisei Lagoon is the same. In 2016, a large-scale mass breaching were observed 
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in Okinawa Prefecture because of the extraordinary high temperature and the less 
typhoon visits, which led to the less water mixing. According to the official monitor-
ing results by the Ministry of Environment, mass breaching was observed at 82–90% 
of the total area of the Sekisei Lagoon (Ministry of Environment 2018). If the climate 
change continues, the area of the coral reefs will be shrunken, and which leads to the 
decrease in the size of coral fish habitat Nanami et al. 2013), which then leads to the 
decrease in the spawning stock biomass of important fisheries resources (Nanami 
et al. 2015). Also, the higher water temperature leads to the changes in the spawning 
cycle, which presumably gives negative impact for spawning schooling (Ohta and 
Ebisawa 2017). These will give negative impacts to the fisheries and tourism sector. 
On the other hand, the higher water temperature positively effects to the seagrass bed 
at the coastal areas, which then positively effects to the fish biomass as the habitat for 
some species. Also, intertidal area will be shrunken by the sea level rise, which will 
again give negative effects to the traditional uses by the local people, as well as the 
environmental education, research and conservation activities. The cumulative 
effects to the total well-being and inclusive wealth (Ikeda and Managi 2018) are to 
be analyzed, but the SES Schematic is again a useful tool to share the knowledge 
with wide-ranging stakeholders, discuss about the vulnerable part of the SES, and 
codesign the possible future scenarios (Saito et al. 2018) or the adaptation plans.
Finally, after the development of the Sekisei Lagoon Social-Ecological Systems 
Schematic, the coauthor found that this type of co-research activity participated 
widely from both the natural and social sciences was a good opportunity for 
researchers to build a common sense at the larger conceptual level, and to create the 
knowledge base for working closely. Natural scientists can understand the links 
between their disciplinary study topics and the real society or the legal basis. 
Similarly, as discussed earlier, social scientists realized how the different stakehold-
ers are interlinked at the ecosystem level. The coauthor also believe the developing 
process of the SES schematic will be utilized as the education program for students 
or the early career researchers who would like to conduct the interdisciplinary 
researches in the future.
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Chapter 3
How to Engage Tourists in Invasive Carp 
Removal: Application of a Discrete Choice 
Model
Kota Mameno, Takahiro Kubo, Yasushi Shoji, and Takahiro Tsuge
Abstract Invasive alien species management requires public participation to over-
come a lack of human and financial resources in management; however, little is 
known about the demand for public participation in invasive alien species manage-
ment. To address this knowledge gap, the present study evaluated demand for man-
agement of invasive carp, which is one of the worst but publicity invasive species 
worldwide. A choice experiment survey was conducted in Amami Oshima Island, 
Japan to quantify tourists’ demand for participating in invasive carp removal in 
nature-based tourism, and to evaluate the impact of ecological information provi-
sion on their preference. The results show most tourists would avoid participating in 
carp removal activities as a tour option without any financial discounts; however, 
over 35.2% of tourists were willing to work for carp removal, based on their own 
motivations. We also found that ecological information encouraged tourists to par-
ticipate in tours that included carp removal activities. Incorporation of invasive alien 
species management in nature-based tourism can enhance the economic benefits for 
local tourism industries. Our findings indicate that tourists could play an important 
role in invasive alien species management by compensating for a lack of human and 
financial resources in management.
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3.1  Introduction
A lack of human and financial resources represents a bottleneck to invasive alien 
species (IAS) management all over the world, although it is widely recognized that 
IAS causes biodiversity loss (Didham et al. 2005; Sala et al. 2000). IAS have sub-
stantially damaged natural resource-based industries, such as agriculture, forestry, 
and fishery (Pejchar and Mooney 2009; Pimentel et al. 2005). For some govern-
ments and environmental managers, access to human and financial resources in 
long-term represents one of the biggest challenges for effective IAS management 
(Gardener et al. 2010; Simberloff et al. 2005).
IAS management programs have considered that public involvement is an essen-
tial tool to succeed, since it could overcome the management resources shortage, 
such as a lack of human and financial resources (Dunn et al. 2018; Gaertner et al. 
2016; McNeely 2001). For example, common sun skinks (Eutropis multifasciata) 
were removed by tourists on Green Island, leading to a decrease in skink numbers 
(Chao and Lin 2017). Based on these results, the Convention on Biological Diversity 
(CBD) mentioned that citizens were one of the most important players in IAS man-
agement (CBD 2014).
In spite of a general agreement on the importance of public involvement toward 
the success of IAS management, such involvement is still difficult to achieve. 
Previous literature noted that public apathy toward IAS management represents one 
of the biggest barriers to public involvement. For example, people who underesti-
mate IAS impacts in Japan tended not to support IAS management (Akiba et al. 
2012; Mameno et al. 2017). Thus, public education and information provision could 
be effective in engaging more people (Bremner and Park 2007; Marzano et  al. 
2015). Based on these suggestions, some governments have provided relevant infor-
mation; however, public awareness and public involvement remains insufficient 
(Dunn et al. 2018). Recently, the focus shifted to indirect approaches, which com-
prise neither education nor information provision. For example, Morgan and Ho 
(2018) showed that good tasting carp meat encouraged invasive carp removal.
So far, many previous studies have addressed the public attitude concerning an 
IAS and the management thereof (Bremner and Park 2007; Mameno et al. 2017; 
Wald et al. 2018), as well as the estimation of social values from IAS management 
programs (Nunes and Van Den Bergh 2004; Roberts et al. 2018). However, little 
research has focused on how to encourage people to participate in IAS management 
activities. Thus, our study—which uses a tour that comprises carp removal activi-
ties—can provide new insights into public engagements in IAS management. This 
work also extends the knowledge of voluntary conservation approaches. A few stud-
ies have focused on such approaches (Durán-Medraño et al. 2017); however, to our 
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knowledge, no studies have addressed tourists’ attitudes concerning participation in 
conservation management.
The present study focuses on invasive common carp (Cyprinus carpio) manage-
ment from the human dimension perspective. The invasive carp is one of the most 
invasive species, and is nominated as one of “100 of the world’s worst invasive alien 
species” (Kopf et al. 2017; Lowe et al. 2000), since the carp damages the native 
ecosystem by consuming organisms that are a food resource for native species 
(Gilligan and Rayner 2007; Morgan and Hicks 2013). Thus, recent conservation 
literature paid attention to its management (Marshall et  al. 2018; Thresher et  al. 
2014; Uchii et al. 2014); however, social science research on this issue is limited—
for example, Morgan and Ho (2018). Interestingly, the carp is a domestic alien spe-
cies in Japan—it is a native species on the main island, but non-native on some of 
the small islands (e.g., Amami Oshima Island, which is our research site). Since few 
people would recognize carp as an IAS in Japan, the sharing of ecological informa-
tion could play an important role, as suggested by previous literature. Historically, 
IAS management, including invasive carp, was greatly dependent on chemical and 
biological methods (Zastrow 2018). Thus, our research contributes to the existing 
body of knowledge on effective invasive carp management through application of 
human dimension approaches (Jacobson and Duff 1998; McNeely 2001).
3.2  Study Background and Methods
3.2.1  Research Site
Our research site, Amami Oshima Island, Japan, is part of the Nansei Islands in the 
southern Japanese archipelago (28°19′N, 128°22′E). The island has the Japan’s sec-
ond largest mangrove forest, which plays an important role in biodiversity conserva-
tion (Lugo and Snedaker 1974; Polidoro et  al. 2010). In particular, there are 
endangered and endemic species, such as Ryukyu Ayu (Plecoglossus altivelis 
ryukyuensis), around the mangrove forest (Kishino and Yonezawa 2013; Nishida 
1988). Because of its rich biodiversity, the part of the island that includes the man-
grove forest is a national park that is expected to become a Natural World Heritage 
Site. However, the island has substantial IAS concerns, and has been requested by 
UNESCO, through its designation process, to enhance its IAS management. Local 
government has attempted to remove common carp so as to improve its manage-
ment in rivers (Fig. 3.1); however, the success has been limited because of resource 
constraints, among others.
Nature-based tourism is an important industry on the island. To date, most tour-
ists have enjoyed nature-based and eco-friendly tours, such as canoeing in the man-
grove forest and viewing wildlife, in spite of the potential invasive carp impacts on 
the ecosystem. The canoe tour attracts over 30,000 tourists annually (Kagoshima 
Prefecture 2019). It is the second most popular recreational activity in the island 
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(Ministry of the Environment 2017). Thus, balancing tourism development and bio-
diversity conservation represents a significant challenge for local government. 
Based on this background, the present study evaluates tourists’ demand for carp 
removal options as a canoe tour attribute, and discusses the possibilities to compen-
sate for management resource constraints in invasive carp management through 
nature- based tourism.
3.2.2  Questionnaire Design
In this study, we used a choice experiment (hereinafter, “CE”) on canoe tours. The 
CE approach is one of methods for analyzing preferences through hypothetical 
choices in a questionnaire survey; it has been applied by many previous studies to 
nature-based tourism (Kubo et  al. 2019; Kubo and Shoji 2016). We used this 
approach to evaluate tourists’ willingness to pay (WTP) for tour options as a means 
of promoting canoe tours. Using the CE can elicit not only the level of demand for 
the option of carp removal, but also assess other tour options, such as tour time 
and fee.
Fig. 3.1 Invasive carp captured on Amami Oshima Island
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A distributed questionnaire of six pages was used for the CE valuation exercise. 
Respondents were asked to choose their preferred option from alternative tour sce-
narios with different combinations of tour options.
In CE studies, it is important to select attributes and levels to create hypothetical 
scenarios. Based on current tours and discussions with managers on the Amami 
Oshima Island, this study selected the following attributes and levels to design pro-
files and choice sets: Carp Removal option, Tour Time, Pick-up option, and Tour 
Fee. Carp Removal option refers to catching carp using fishing nets before and/or 
after the canoe tour. Pick-up option refers to picking up tourists at their accommoda-
tions and taking them to recreation sites. In the island, recreational sites are located 
far from towns and the airport. Thus, tourists have to drive themselves to recre-
ational areas or use a bus service, which only operates every few hours. These four 
characteristics, and possible choices for each, are listed in Table 3.1.
The respondents were asked to choose from three tour options under the hypo-
thetical scenario. The scenario implied that new attributes of canoe tours (i.e., Carp 
Removal option and Pick-up option) could be implemented, and the levels of exist-
ing attributes (i.e., Tour Time and Tour Fee) could be changed to encourage the use 
of canoe tours.
Considering the scenario, we designed profiles and choice sets based on 
D-efficiency. The D-efficient design is able to minimize the distribution of esti-
mated parameter, which contributes to efficient parameter estimations (Huber and 
Zwerina 1996). To mimic actual tour choice situations (Haaijer et al. 2001), we cre-
ated choice sets that consist of “not attending tour” as well as two selected profiles 
(an example of choice set is shown as Fig. 3.2); we then created six patterns of a 
questionnaire with five choice sets each, and provided each respondent with one 
randomly selected questionnaire.
In addition, two types of questionnaires were used to assess the impact of infor-
mation provision, namely, to understand differences between the preferences of 
respondents who recognized carp as an IAS, and those who did not. The informa-
tion that “Carp are an IAS and cause serious damage to the native unique ecosystem 
on Amami Oshima Island; this option contributes to the conservation of ecosys-
tems” was provided to some respondents only, and not to the rest. Respondents 
without this ecological information could have knowledge of invasive carp impacts. 
However, our study investigated the impact of information provision by focusing on 
the difference in attitude toward preference for tours between respondents with 
information and without information.
Table 3.1 Attributes and levels 
for profile design using the 
choice experiment
Attribute Levels
Carp removal option Yes; No
Tour time (min) 60; 90; 120; 150; 180
Pick-up option Yes; No
Tour fee (JPY) 1000; 2500; 5000; 7500; 10,000
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3.2.3  Data Collection
The tourist questionnaire survey was conducted with randomized distribution at the 
Amami Airport on Amami Oshima Island in August 2017. Nine hundred and 
twenty-four questionnaires were distributed to tourists, of which 343 questionnaires 
were returned by mail (the response rate was 37.1%); of these, 12 contained no 
answers to any of the choice experiment questions and were thus omitted from 
analysis. We ultimately used data of 331 respondents, and 1608 choice sets con-
tained answers to all relevant questions. Of the about half of respondents (n = 175) 
were provided ecological information, and 68.0% of respondents were female 
(n = 217). The most represented age group was between 40 and 49 years of age 
(n = 92), followed by respondents between 30 and 39 years of age (n = 84).
3.2.4  Econometric Model
To analyze the tourists’ preferences, we used a model based on random utility the-
ory (McFadden 1974), which comprises an observable deterministic component 
and an unobservable random component. According to this model, each individual’s 
utility (Ui) of alternative i can be described as a function of an observable compo-
nent (Vi) and an unobservable random (error) component (εi):
 
U f V Vi i i i i= ( ) = +,ε ε  (3.1)
The alternative i was chosen by the individual if Ui > Uj for all j ≠ i. Thus, the 
probability that the respondent chooses the alternative i from choice set C is:
Tour 1 Tour 2
Non-attend the 
tours
Carp Removal option Yes No
Tour Time (minutes) 60 150
Pick-up option Yes No




Fig. 3.2 Example of a choice set using a choice experiment. In the choice experiment, we showed 
three profiles (two profiles with different levels for the four attributes, while another profile is 
nonattendance) to each respondent, and repeated this task five times
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(3.2)
The probability of choosing alternative i is able to be written the following equa-















While we estimated the results using both a conditional logit (CL) and a random 
parameter logit (RPL) models, in the present study, the results of only the RPL 
models were represented. That was why the results of the RPL models were supe-
rior to those of the CL as followers. First, RPL models do not require fulfilling the 
independence of irrelevant alternatives (IIA) condition, which is required by the 
conditional logit model. In addition, previous studies showed that tourists had pref-
erence heterogeneity (Kubo et al. 2019; Mejía and Brandt 2015) for nature-based 
tours, which is accommodated by RPL models.
According to Hensher et al. (2015), in RPL models, Vnit on the Eq. 3.3 is showed 









β β ν∆ Γ  
(3.4)
where β indicates the population mean of the coefficient of random parameters; ΔZn 
indicate observed preference heterogeneity; on the other hand, unobserved prefer-
ence heterogeneity is showed in Γνn; xnit is the attributes in choice set which respon-
dents are asked. This model can incorporate unobserved and observed preference 
heterogeneity through the random terms in the distributions of parameters (Hensher 
et al. 2015). We are able to calculate the expected probability using multivariate 
probability density function of β:
 





























The parameter is estimated by simulated maximum likelihood techniques that 
maximize the log-likelihood function, because the integral of estimating this model 
does not have a closed form (McFadden and Train 2000; Train 2009).
In present study, we used Carp Removal option, Pick-up option, Tour Time and 
Tour Time squared (Tour Time2), Tour Fee, and an alternative-specific constant 
(ASC) as explanatory variables: xnit, and as observed preference heterogeneity, we 
incorporate the dummy variable of information provision that is if respondents were 
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provided ecological information, the variable is set to 1. The dummy variable of 
information provision was incorporated as a cross-term with other attributes except 
for Tour Fee (i.e., Carp Removal option, Pick-up option, Tour Time and Tour Time2). 
By following existing literature in applied economics, preference for the Tour Fee 
(i.e., money) was supposed not to be affected by the information (e.g., Das et al. 
2009; Hole and Kolstad 2012; Layton and Brown 2000; Morey and Rossmann 
2003; Revelt and Train 1998; Scarpa et al. 2008). The ASC variable was set to 1 if 
respondents chose not to attend the canoe tour (i.e., selected choice 3 in choice set), 
and the ASC variable was set to 0 if respondents selected to attend the canoe tour 
(i.e., selected choice 1 or 2 in choice set). This model needed to make assumptions 
about the distributional form of the coefficients of each attribute. Except for Tour 
Fee, all variables were assumed to be normally distributed.
In addition, the marginal willingness to pay (MWTP) is able to be calculated by 










Note that the WTP for both Carp Removal option and Pick-up option attributes 
was calculated by doubling the MWTP since the attributes were effect-coded 
(Louviere et al. 2000).
3.3  Results
Table 3.2 presents the estimated results of the RPL model. We applied the effect 
code to the dummy variables concerning Carp Removal option and Pick-up option. 
Thus, the relative values of coefficient are important instead of the absolute values. 
Table 3.2 shows the mean of coefficients, standard deviations of the random coef-
ficients, and the effect of ecological information on each random parameter vari-
ables in the RPL models, with their standard errors. The standard deviations for 
each of the random coefficients indicate the heterogeneity of individual preferences 
relative to the preference of the population.
Table 3.2 indicates that the mean of the Carp Removal option coefficient is sig-
nificantly negative (Coefficient = −0.366; SE = 0.131) at the 99.9% level: Carp 
Removal option decreased the probability of choosing canoe tours. However, stan-
dard deviations for Carp Removal option are also statistically significant: there is 
preference heterogeneity for Carp Removal option (Fig.  3.3). The mean of the 
respondents’ WTP for Carp Removal option was −988 JPY (100 JPY = about 0.9 
USD and 0.8 EURO in November 2019). The other variables’ coefficients are also 
significant at over 95% levels, except for ASC. The coefficient of Pick-up option 
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and Tour Time is positive, on the other hand, the coefficients of Tour Time2, Tour Fee 
are negative. While standard deviation of Tour Time coefficient is not significant, the 
other variables’ standard deviation of coefficients is also significant: there is prefer-
ence heterogeneity.
Table 3.2 also shows the effect of ecological information provision, and they are 
not significant except for Carp Removal option. The coefficient of the effect of eco-
logical information on Carp Removal option is significantly positive 
(Coefficient  =  0.403; SE  =  0.176), namely, information provision dramatically 
increased the probability of choosing canoe tours including carp removal (Fig. 3.3). 
The coefficient of Carp Removal option for respondents who were provided with 
information could be calculated through addition of the coefficient of Carp Removal 
option and the effect of ecological information on Carp Removal option, which had 
a positive result (Coefficient = 0.0368). Therefore, the utility of respondents had 
ecological information became positive if the option for carp removal was added to 
canoe tours, and the mean WTP for Carp Removal option by respondents who had 
ecological information was estimated at 99.3 JPY.
Table 3.2 Estimation results using the random parameter logit model
Variable
Random parameter model
Mean of coefficient 
(S.E)
Standard deviation of 
coefficient (S.E)
Random and nonrandom parameters in utility function
 Carp removal option −0.366 (0.131)∗∗∗ 1.01 (0.112)∗∗∗
 Tour time ∗10−1 0.395 (0.136)∗∗∗ 0.00112 (0.0374)
 Tour time2 ∗10−4 −1.52 (0.586)∗∗∗ 0.986 (0.117)∗∗∗
 Pick-up option 0.405 (0.110)∗∗∗ 0.719 (0.107)∗∗∗
 Tour fee ∗10−3 −0.741 (0.0514)∗∗∗ –
 Non-attendance  
(alternative-specific constant)
−1.25 (0.818) 2.52 (0.329)∗∗∗
The effect of ecological information on each random parameter variable
 Carp removal option 0.403 (0.176)∗∗
 Tour time ∗10−1 −0.0283 (0.177)
 Tour time2 ∗10−4 −0.324 (0.768)
 Pick-up option 0.0138 (0.146)
 Non-attendance  
(alternative-specific constant)
0.0273 (1.08)
Number of observations 1608
Log likelihood −1243.10
Simulated maximum likelihood was conducted using Halton draws with 1000 replications
Please, see Train 2003 for details on Halton draws
Carp Removal option: availability of options for carp capture; Pick-up option: collection and trans-
port to the recreational site by guides; Tour Time: duration of tour (h); Tour Time2: Tour Time 
squared; Tour Fee (JPY). Carp Removal option and Pick-up option were applied effect coding; 
Tour Fee, Tour Time, and Tour Time2 were normalized
∗∗∗p < 0.001, ∗∗p < 0.01, ∗p < 0.05
3 How to Engage Tourists in Invasive Carp Removal: Application of a Discrete Choice…
40
3.4  Discussion and Conclusion
Public participation is an essential enhancement to IAS management, since it can 
compensate for the shortages of human and financial resources (Jenkins 1999; 
Lepczyk 2005; Trumbull et  al. 2000); however, few studies have addressed the 
potential roles of tourists, although most of them visit wilderness areas such as 
national parks. We applied a discrete choice model to invasive carp management on 
Amami Oshima Island, Japan, to quantify tourists’ demand for participating in the 
carp removal program as a tour option. The results indicate that 64.2% of tourists 
who were not provided ecological information, about 100 tourists would avoid par-
ticipating in carp removal activities as a tour option without any financial discounts 
when they have no ecological information (Table 3.2). In other words, on average, 
tourists with no information are indifferent to whether they participate in carp 
Fig. 3.3 Results of the random parameter logit model. The range of “Blue” indicates the probabil-
ity density of respondents without ecological information that answered positive to Carp Removal 
option. On the other hand, the range of “Green” indicates that providing ecological information 
made the increasing probability density of respondents who answered positive to Carp Removal 
option. Even though respondents had no ecological information, a part of the respondents (Blue) 
answered positive to Carp Removal option. When respondents were provided ecological informa-
tion, over half of the respondents (Blue and Green) answered positive to Carp Removal option
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removal activities if they received a 988 JPY discount for a tour. This finding sug-
gests that an additional IAS management option could decrease the number of tour-
ists without any discounts, although preference heterogeneity should be discussed 
in more detail, which is described as follows. On the other hand, given the prefer-
ence heterogeneity concerning the carp removal option by RPL models, 35.8% of 
tourists were willing to work for carp removal owing to their own motivations. 
Some tourists regarded carp removal as a tour activity, even when they were not 
provided with any ecological information (Fig. 3.3, Blue). This implies that a part 
of their preference heterogeneity could be derived from their original knowledge of 
and interests in nature and invasive management. This result also supports the view 
that tourist involvement could help to overcome the cost challenges of IAS 
management.
Although few studies have addressed IAS management as a tour activity, our 
finding is contrary to previous studies which have shown positive public support for 
IAS management. For example, Nishizawa et al. (2006) estimated the WTP for an 
eradication program of black bass (Micropterus salmoides and Micropterus dolo-
mieu) as loading tax in Japan at about 2000 JPY. McIntosh et al. (2010) also showed 
that the WTP for invasive fish as a donation was about 50 USD. Mejía and Brandt 
(2015) showed that tourists had a positive WTP for a tour that enhanced IAS man-
agement. This contradiction indicates that the public, including tourists, has a moti-
vation for financial support of IAS management; however, most of them are not 
willing to participate in IAS management, which suggests that human resources 
could become insufficient compared to financial resources in general.
How do we then engage the public in IAS management? The present study sup-
ports the views of previous literature by showing that the provision of ecological 
information affects tourists’ preference for carp removal activities in a tour 
(Bremner and Park 2007; Marzano et al. 2015). Tourists who received ecological 
information have a positive WTP (99.3 JPY) for participation in carp removal 
activities, which is 1087 JPY more than tourist who had no ecological information. 
In other words, provision of ecological information enables tour operators to 
receive a tour premium for including IAS management opportunities. This sug-
gests that information provision leads to a win-win situation by enhancing IAS 
management while satisfying tourists’ demands and increasing tour operators’ 
profits. Recent tourism literature highlights that balancing conservation and the 
local economy through nature-based tourism is becoming increasingly important 
(Kubo et al. 2019). We demonstrated that this approach can even succeed in IAS 
management by sharing ecological knowledge with the public, as described in con-
servation literature (Akiba et al. 2012; Bremner and Park 2007; Dunn et al. 2018; 
Mameno et al. 2017; Marzano et al. 2015).
The other attributes concerning canoe tour design are also important for tourists’ 
decision-making and their involvement in carp removal activities. As shown in 
Table 3.2, tourists prefer to participate in tours of intermediate duration (i.e., about 
120 min), and in tours that offer a pick-up option. These findings indicate that tour-
ists are more encouraged to participate in a tour by adjusting the levels of the attri-
butes of tour time and pick-up options, regardless of a carp removal option. Previous 
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work by Morgan and Ho (2018) indicated that indirect approaches, which are not 
directly related with IAS management, are important. The present findings support 
their view of such indirect approaches, even in invasive carp removal management, 
and outline a new approach based on the use of nature-based tourism.
Our research site, Amami Oshima Island, is expected to be designated as a 
Natural World Heritage Site. Thus, IAS management has been paid more attention 
recently; however, a lack of resources has limited the implementation of IAS man-
agement. Our findings indicate that nature-based tourism which combined with the 
sharing of ecological knowledge with stakeholders, as well as indirect approaches, 
achieves sustainable IAS management.
Acknowledgement We acknowledge financial support from the Japan Society for the Promotion 
of Science (No. 16K00697), and the Ministry of the Environment, Japan (the Environmental 
Economics and Policy Study, and ERTDF (S-15: Predicting and Assessing Natural Capital and 
Ecosystem Services (PANCES)). We would like to express our gratitude to Oki, K, and the tourists 
who responded to the survey. We also thank an editor and reviewers for helpful comments on the 
previous manuscript.
References
Akiba H, Miller CA, Matsuda H (2012) Factor influencing public preference for raccoon eradica-
tion plan in Kanagawa, Japan. Hum Dimens Wildl 17:207–219
Bremner A, Park K (2007) Public attitudes to the management of invasive non-native species in 
Scotland. Biol Conserv 139:306–314
CBD (2014) Pathways of introduction of invasive species, their prioritization and management. 
Secretariat of the Convention on Biological Diversity, Montréal
Chao RF, Lin TE (2017) Effect of citizen action on suppression of invasive alien lizard population: 
a case of the removal of Eutropis multifasciata on Green Island, Taiwan. Appl Ecol Environ 
Res 15:1–13
Das C, Anderson CM, Swallow SK (2009) Estimating distributions of willingness to pay for het-
erogeneous populations. South Econ J 75:593–610
Didham RK, Tylianakis JM, Hutchison MA, Ewers RM, Gemmell NJ (2005) Are invasive species 
the drivers of ecological change? Trends Ecol Evol 20:470–474
Dunn M, Marzano M, Forster J, Gill RMA (2018) Public attitudes towards “pest” management: 
perceptions on squirrel management strategies in the UK. Biol Conserv 222:52–63
Durán-Medraño R, Varela E, Garza-Gil D, Prada A, Vázquez MX, Soliño M (2017) Valuation 
of terrestrial and marine biodiversity losses caused by forest wildfires. J  Behav Exp Econ 
71:88–95
Gaertner M, Larson BMH, Irlich UM, Holmes PM, Stafford L, van Wilgen BW, Richardson 
DM (2016) Managing invasive species in cities: a framework from Cape Town, South Africa. 
Landsc Urban Plan 151:1–9
Gardener MR, Atkinson R, Rentería JL (2010) Eradications and people: lessons from the plant 
eradication program in Galapagos. Restor Ecol 18:20–29
Gilligan DM, Rayner T (2007) The distribution, spread, ecological impacts and potential control of 
carp in the upper Murray River. NSW Department of Primary Industries, Cronulla
Haab T, McConnell K (2003) The econometrics of non-market valuation. Edward Elgar, 
Northampton
Haaijer R, Kamakura W, Wedel M (2001) The ‘no-choice’ alternative in conjoint choice experi-
ments. Int J Mark Res 43:93–106
K. Mameno et al.
43
Hensher D, Rose JM, Greene W (2015) Applied choice analysis. Cambridge University Press, 
Cambridge
Hole AR, Kolstad JR (2012) Mixed logit estimation of willingness to pay distributions: a compari-
son of models in preference and WTP space using data from a health-related choice experi-
ment. Empir Econ 42:445–469
Huber J, Zwerina K (1996) The importance of utility balance in efficient choice designs. J Mark 
Res 33:307–317
Jacobson SK, Duff MD (1998) Training idiot savants: the lack of human dimensions in conserva-
tion biology. Conserv Biol 12:263–267
Jenkins EW (1999) School science, citizenship and the public understanding of science. Int J Sci 
Educ 21:703–710
Kagoshima Prefecture (2019) Trends in Amami Islands Tourism 2018. http://www.pref. 
kagoshima. jp /aq01/chi ik i /oshima/chi ik i /zenik i /oshi rase /documents /38010_ 
20190422104935-1.pdf (In Japanese)
Kishino T, Yonezawa T (2013) Seasonal distribution of Ryukyu-ayu Plecoglossus altivelis 
ryukyuensis in the Katoku River, Amami-Oshima Island, southern Japan. Jpn J  Ichthyol 
60:91–101
Kopf RK, Nimmo DG, Humphries P, Baumgartner LJ, Bod M, Bond NR, Byrom AE, Cucherousset 
J, Keller RP, King AJ (2017) Confronting the risks of large-scale invasive species control. Nat 
Ecol Evol 1:172
Kubo T, Shoji Y (2016) Demand for bear viewing hikes: implications for balancing visitor satisfac-
tion with safety in protected areas. J Outdoor Recreat Tour 16:44–49
Kubo T, Mieno T, Kuriyama K (2019) Wildlife viewing: the impact of money-back guarantees. 
Tour Manag 70:49–55
Layton DF, Brown G (2000) Heterogeneous preferences regarding global climate change. Rev 
Econ Stat 82:616–624
Lepczyk CA (2005) Integrating published data and citizen science to describe bird diversity across 
a landscape. J Appl Ecol 42:672–677
Louviere JJ, Hensher DA, Swait JD (2000) Stated choice methods: analysis and applications. 
Cambridge University Press, Cambridge
Lowe S, Browne M, Boudjelas S, De Poorter M (2000) 100 of the world’s worst invasive alien spe-
cies: a selection from the global invasive species database. Invasive Species Specialist Group, 
Auckland
Lugo AE, Snedaker SC (1974) The ecology of mangroves. Annu Rev Ecol Syst 5:39–64
Mameno K, Kubo T, Suzuki M (2017) Social challenges of spatial planning for outdoor cat man-
agement in Amami Oshima Island, Japan. Glob Ecol Conserv 10:184–193
Marshall J, Davison AJ, Kopf RK, Boutier M, Stevenson P, Vanderplasschen A (2018) Biocontrol 
of invasive carp: risks abound. Science 359:877–877
Marzano M, Dandy N, Bayliss HR, Porth E, Potter C (2015) Part of the solution? Stakeholder 
awareness, information and engagement in tree health issues. Biol Invasions 17:1961–1977
McFadden D (1974) The measurement of urban travel demand. J Public Econ 3:303–328
McFadden D, Train K (2000) Mixed MNL models for discrete response. J Appl Econ 15:447–470
McIntosh CR, Shogren JF, Finnoff DC (2010) Invasive species and delaying the inevitable: valua-
tion evidence from a national survey. Ecol Econ 69:632–640
McNeely J (2001) The great reshuffling. Human dimensions of invasive alien species. IUCN, 
Gland/Cambridge
Mejía CV, Brandt S (2015) Managing tourism in the Galapagos Islands through price incentives: a 
choice experiment approach. Ecol Econ 117:1–11
Ministry of the Environment (2017) Amami Islands national park designation and construction 
plan. https://www.env.go.jp/park/amami/intro/files/plan_02.pdf (In Japanese)
Morey E, Rossmann KG (2003) Using stated-preference questions to investigate variations in will-
ingness to pay for preserving marble monuments: classic heterogeneity, random parameters, 
and mixture models. J Cult Econ 27:215–229
Morgan DKJ, Hicks BJ (2013) A metabolic theory of ecology applied to temperature and mass 
dependence of N and P excretion by common carp. Hydrobiologia 705:135–145
3 How to Engage Tourists in Invasive Carp Removal: Application of a Discrete Choice…
44
Morgan M, Ho Y (2018) Perception of Asian carp as a possible food source among Missouri 
anglers. Hum Dimens Wildl 23:1–8
Nishida M (1988) A new subspecies of the ayu, Plecoglossus altivelis,(Plecoglossidae) from the 
Ryukyu Islands. Jpn J Ichthyol 35:236–242
Nishizawa E, Kurokawa T, Yabe M (2006) Policies and resident’s willingness to pay for restoring 
the ecosystem damaged by alien fish in Lake Biwa, Japan. Environ Sci Pol 9:448–456
Nunes PALD, Van Den Bergh JC (2004) Can people value protection against invasive marine 
species? Evidence from a joint TC–CV survey in the Netherlands. Environ Resour Econ 
28:517–532
Pejchar L, Mooney HA (2009) Invasive species, ecosystem services and human well-being. Trends 
Ecol Evol 24:497–504
Pimentel D, Zuniga R, Morrison D (2005) Update on the environmental and economic costs asso-
ciated with alien-invasive species in the United States. Ecol Econ 52:273–288
Polidoro BA, Carpenter KE, Collins L, Duke NC, Ellison AM, Ellison JC, Farnsworth EJ, 
Fernando ES, Kathiresan K, Koedam NE (2010) The loss of species: mangrove extinction risk 
and geographic areas of global concern. PLoS One 5:e10095
Revelt D, Train K (1998) Mixed logit with repeated choices: households’ choices of appliance 
efficiency level. Rev Econ Stat 80:647–657
Roberts M, Cresswell W, Hanley N (2018) Prioritising invasive species control actions: evaluating 
effectiveness, costs, willingness to pay and social acceptance. Ecol Econ 152:1–8
Sala OE, Chapin FS, Armesto JJ, Berlow E, Bloomfield J, Dirzo R, Huber-Sanwald E, Huenneke 
LF, Jackson RB, Kinzig A (2000) Global biodiversity scenarios for the year 2100. Science 
287:1770–1774
Scarpa R, Thiene M, Train K (2008) Utility in willingness to pay space: a tool to address confound-
ing random scale effects in destination choice to the Alps. Am J Agric Econ 90:994–1010
Simberloff D, Parker IM, Windle PN (2005) Introduced species policy, management, and future 
research needs. Front Ecol Environ 3:12–20
Thresher R, Van De Kamp J, Campbell G, Grewe P, Canning M, Barney M, Bax NJ, Dunham R, Su 
B, Fulton W (2014) Sex-ratio-biasing constructs for the control of invasive lower vertebrates. 
Nat Biotechnol 32:424
Train K (2003) Discrete choice methods with simulation. Cambridge University Press, Cambridge. 
https://doi.org/10.1017/CBO9780511753930 pp.137-147
Train KE (2009) Discrete choice methods with simulation. Cambridge University Press, Cambridge
Trumbull DJ, Bonney R, Bascom D, Cabral A (2000) Thinking scientifically during participation 
in a citizen-science project. Sci Educ 84:265–275
Uchii K, Minamoto T, Honjo MN, Kawabata Zi (2014) Seasonal reactivation enables cyprinid 
herpesvirus 3 to persist in a wild host population. FEMS Microbiol Ecol 87:536–542
Wald DM, Nelson KA, Gawel AM, Rogers HS (2018) The role of trust in public attitudes toward 
invasive species management on Guam: a case study. J Environ Manag 229:133–144
Zastrow M (2018) Doubts raised over Australia’s plan to release herpes to wipe out carp. Nature, 
https://doi.org/10.1038/d41586-018-02315-4
Open Access This chapter is licensed under the terms of the Creative Commons Attribution 4.0 
International License (http://creativecommons.org/licenses/by/4.0/), which permits use, sharing, 
adaptation, distribution and reproduction in any medium or format, as long as you give appropriate 
credit to the original author(s) and the source, provide a link to the Creative Commons licence and 
indicate if changes were made.
The images or other third party material in this chapter are included in the chapter’s Creative 
Commons licence, unless indicated otherwise in a credit line to the material. If material is not 
included in the chapter’s Creative Commons licence and your intended use is not permitted by 
statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder.
K. Mameno et al.
45© The Author(s) 2020
O. Saito et al. (eds.), Managing Socio-ecological Production Landscapes and 
Seascapes for Sustainable Communities in Asia, Science for Sustainable 
Societies, https://doi.org/10.1007/978-981-15-1133-2_4
Chapter 4
The Use of Backcasting to Promote Urban 
Transformation to Sustainability: The Case 
of Toyama City, Japan
Kazumasu Aoki, Yusuke Kishita, Hidenori Nakamura, and Takuma Masuda
Abstract Envisioning urban sustainability demands to embrace divergent values of 
various stakeholders. Implementation of policies realizing city’s future visions needs 
support from a wide range of general public. Hence, merits of participatory approach 
to backcasting scenario-making have been noted. Although experimenting such 
approach should be more encouraged, it remains to be seen whether lay citizens can 
generate their scenarios with required level of rationale and soundness. This chapter 
addresses this important, but yet unexplored concern by taking two potentially con-
trasting perspectives. One is “divergence” found in processes where citizens express 
their pluralistic interests and preferences in an unconstrained manner. The other is 
“convergence” found in where such a diversified plurality is circumscribed and com-
posed to engender in outcomes some form of converged context. A trade-off rela-
tionship may arise between these two and the chapter seeks if any balance can be 
upheld. To explore such question, a participatory workshop was held in Toyama city, 
Japan where a handful numbers of citizens envisioned in two separate groups their 
desirable future via backcasting city’s sustainable features. In analyses, outcomes of 
both groups’ scenarios were compared and also index of consistency-based text 
structures endogenous to the scenarios was quantitatively gauged by computational 
simulation technique. Findings suggest that while a broad spectrum of socioeco-
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nomic and ecological elements was incorporated, they were yet founded upon a 
fairly good degree of logically coherent means-end based structures. The chapter 
then considers the meaning of such a balance for  backcasting scenario-making with 
implications for further research agenda and future policy-making.
Keywords Urban transition · Future visions · Backcasting scenario · Participatory 
approach · Citizen dialogue · Sustainable society scenario (3S) simulator
4.1  Introduction
4.1.1  Background Issues of This Study
In recent years, it has become increasingly evident that various aspects of contempo-
rary cities place too high a burden on the environment. Population, industry, com-
merce, energy, food consumption, and culture are some of the factors leading to rapid 
concentrations in urban areas in both developed and developing countries (Wolfram 
and Frantzeskaki 2016). Therefore, like Bulkeley and Betsill (2003) and others 
(Hodson and Marvin 2010; Loorbach et al. 2016; Hodson et al. 2017; Frantzeskaki 
et al. 2018) have stated, urban sustainability transitions have emerged as an urgent 
policy agenda concerning possibilities for making fundamental transformative 
changes on this current trend to keep cities from following unsustainable pathways.
In this regard, since the end of the 1990s, relevant disciplines (e.g., sustainability 
science, socio-engineering, sustainability transitions, and so forth) have argued the 
merits of envisioning cities’ sustainable futures and contemplating possible path-
ways toward realizing such futures (Gallopin et  al. 1997; Matsuoka et  al. 2001; 
Glenn and The Future Groups International 2005). Such interests in scenario-
making also extend to a wide range of issues including climate change, biodiversity, 
sustainable development goals (SDGs), and landscape approaches such as Satoyama 
and Satoumi, which promote socio-ecological production landscape and seascapes 
(Tress and Tress 2003; Carpenter et al. 2005; International Panel on Climate Change 
(IPCC) 2007; Ten Brink et al. 2010; Kanie 2017).
Among those scenario-makings, many now regard a design method (and also a 
way of thinking) called “backcasting” (BC), to be particularly promising (Robinson 
1990; Dreborg 1996; Mander et al. 2008; Nishioka 2008; Kok et al. 2011; Kishita 
et al. 2016). BC scenario-making is defined and understood as a series of processes 
where stakeholders: (1) first craft visions of their ideal and desirable cities whose 
functioning standards and conditions are to be achieved in a relatively distant future 
(e.g., the year 2050 or beyond) and (2) think through pathways chronologically 
backward from the future to the current period in terms of what must be done to 
realize such visions.
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Having received closer attention from both the academic and nonacademic, prac-
tical fields, however, the BC methods have the following shortcomings that have not 
yet been explored (Vergragt and Quist 2011; Kishita et  al. 2017). (1) While BC 
scenario-making has mostly been carried out by relevant experts and professionals, 
involving lay persons in its process has not yet been researched to a great extent 
(Kishita et al. 2016; McLellan et al. 2017). Considering the fact that any processes 
relating to transitioning toward sustainable cities are direct and indirect conse-
quences of collective decisions made by a wide array of stakeholders, nonexperts 
and nonprofessionals should also take initiatives in BC scenarios (Rotmans et al. 
2000; Kasemir et  al. 2003; Albert 2008; Umeda 2008; McLellan et  al. 2017; 
Frantzeskaki et  al. 2018). (2) The resulted BC scenarios are not yet formally or 
effectively implemented in practice and not having as much impact as already exist-
ing policies and measures. That is partly because it has been difficult to embed such 
participatory BC scenario-making into ongoing, conventional policy processes 
(Soria-Lara and Banister 2017; Kishita et al. 2016).
4.1.2  Analytical Perspectives and Research Questions
In order to overcome such shortcomings, researchers must take into consideration 
the fact that envisioning sustainability of future cities inevitably demands to embrace 
divergent interests, preferences, and knowledges of various stakeholders (Umeda 
2008). That is not only because, as most often said in the field of sustainable sci-
ence, the concept of sustainability itself reflects a bundle of multiple value systems 
(Kishita et al. 2010), but also because any cities have their own societal functioning 
that is of multifaceted configurations working in an interrelated, complementary 
manner (Hodson et al. 2017). In this regard, letting the general public participate in 
BC scenario-making certainly makes it more plausible to consider more diverged 
pluralistic opinions and relevant local knowledge to emerge and be expressed 
throughout the process (McLellan et al. 2017). After all, the citizens have an ulti-
mate stake and say in the direction of their own future cities, and without ensuring 
their credible commitments and continuous cooperation in the longer term, there 
will be no effective endeavor toward urban sustainability transition. Also, the recent 
arguments on SDGs and biodiversity tend to view participatory approach as essen-
tial to empower grassroots citizens whose knowledge and experiences are key 
enabling elements for successful future visioning (Kanie 2017).
At the same time, however, citizen participatory processes inevitably increase 
the difficulties to mediate interests of individuals, especially when these interests 
are not bucked by rational reasoning or public-minded causes. In democratic 
nations, it has indeed been noted that citizens rather easily follow the majority, 
occasionally being swallowed up by a tide of enthusiasm. Note also that this type of 
skepticism, sometimes called “populism,” has constantly been associated with more 
direct, mass participatory democracy. Though anecdotal, a Japanese local adminis-
trative official we once spoke with said: “Most of the time, citizens just demand 
what they want only for themselves.”
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We then must ask how such risk can be reduced and governed to be able to gener-
ate more participatory BC scenario-making with a satisfactory level of rational and 
soundness (van der Heijden 2005) and to mobilize such scenarios as a practical 
policy tool for developing cities’ sustainable futures, which indicates a need for 
deep transformative change from the current orientation (Kishita et  al. 2018). 
Therefore, in this chapter, we consider two potentially contrasting perspectives. One 
is “divergence” found as diverged processes and opinions where such lay individu-
als as general citizens act as dispersed dots, expressing their pluralistic interests, 
preferences, and knowledge in processes in an unconstrained manner. The other is 
“convergence” found as converged outcomes and structures where such a diversi-
fied plurality is circumscribed and composed as connected dots, engendering in the 
scenarios some form of converged context or bases normally found in practical 
policy documents and texts. Between these two extremes, one may find a trade-off 
relationship and this is the area on which we will focus to explore if any balance can 
be upheld.
In answering this question, one should note that resolving the trade-off is 
expected to be more difficult to achieve using the BC method, especially compared 
to the more conventional method called “forecasting” (FC). FC has long been the 
dominant practical method and is of incremental nature and thus more inclined to 
path-dependency. Under FC methods, policies and measures tend to be planned and 
made incrementally, allowing them to be based on and drawn from the current ver-
sion. Thus, reliance on FC can more likely assure the generation of solutions which 
are compatible to and stable with the ongoing functioning and configurations of the 
societal system. Nevertheless, literature in sustainability science and sustainability 
transitions has noted that path-dependency must be overcome for a society to solve 
so-called “wicked problems” and be transformed into a more sustainable one. 
Problems are considered wicked in the sense that they only worsen if we take the 
ongoing functioning and configurations of the current societal system for granted 
and let solutions be based on and drawn from them (Robinson 1990; Zellner and 
Campbell 2015; Loorbach et al. 2016).
In contrast, BC is basically understood as methods that can more likely allow 
greater proactive and pathbreaking changes to be sought and accommodated through 
scenario-making. This means that the BC methods are more inclined to include 
divergent ways of thinking, and involve processes where more creative, innovative 
ideas and thoughts can emerge pluralistically and be expressed (Robinson 1990; 
Dreborg 1996). In line with this understanding, one study even argues that under the 
BC method, if it is for the sake of generating scenarios with more edgy, pathbreak-
ing solutions, some degree of gap or incoherence that may be found in causal rela-
tionships between means and ends is not necessarily considered to be overly 
problematic (Kishita et al. 2016). Thus, we explored whether and to what extent 
such BC scenarios-making could be converged in a reasonably rationalized fashion 
via engendering some form of sound, coherent bases and structures being attached 
to the texts of the resulted scenarios (Albert 2008; Alcamo et al. 2008).
Below, the chapter articulates in the second section as to how we designed and 
implemented a series of workshops (WS) where lay citizens participated and lays 
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out the methods and techniques used to ensure the participants’ unconstrained, 
spontaneous dialogues while backcasting desirable future city. The third section 
then explains two verification approaches undertaken to explore the research ques-
tions drawn from the above-mentioned perspectives. The one corresponds to “diver-
gence” concern to see if the participants’ values were pluralistically expressed. The 
other corresponds to “convergence” concern to see if and to what extent coherence 
can be found. The fourth section provides analytical outputs and relevant discus-
sions. In the final fifth section, we argue as to what the resulted findings mean to the 
use of backcasting scenario-making in policy practice and also point to the direction 
of further research and its significance.
4.2  Designs of Backcasting Scenario-Making: Citizen 
Participatory Workshop
4.2.1  Setting of the Workshop Held in the City of Toyama, 
Japan
4.2.1.1  Reasons for Choosing the Targeted City
We chose the city of Toyama in Japan to be the study area for BC scenario-making. 
Toyama city has 420,000 inhabitants. Its location is near the center of Honshu, the 
main island of Japan and is in the Hokuriku region, about 450 km northwest of the 
Tokyo Metropolitan area.
Today, Japan as a nation faces a series of severe and rapidly growing socioeco-
nomic problems (e.g., sharp population decline, highly aging society with a declin-
ing birthrate, severe fiscal deficit, and excess concentration of population and 
industry in the Tokyo Metropolitan area) that are considered to be endemic to eco-
nomically advanced nations. Among the other cities of a similar size in Japan, 
Toyama city is regarded to be proactively committed to dealing with such problems.
Since the 2000s, the local government of Toyama city (TCG) has implemented 
so-called compact city policies under which outside residents are induced and 
incentivized mostly with monetary subsidies to move to and live their lives in the 
city’s center. Concentration of the city’s population and societal functions in one 
particular geographic area enables TCG to diminish its administrative expenses.
In this line of policy deployment, improvement of the local public transportation 
network (made of light rail transit, railroads, and buses) has been vigorously sought 
by TCG to reduce citizens’ heavy dependence on the daily use of private automo-
biles. Living without car use (meaning the city life within walking distance) has also 
been a long-term objective pursued over decades by TCG, serving to address two of 
the socioeconomic problems. One is climate change; switching from private auto-
mobiles to public transportations can cut CO2 emissions. The other is social welfare; 
enhanced physical strength with better walking abilities and thus extended healthy 
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life expectancy can cut medical expenses from rapidly skyrocketing for the elderly. 
In the eyes of TCG, all of these efforts enable building a city that is caring and 
friendly to both humans and the environment. As a result, Toyama city seeks to 
make itself the chosen destination among the other cities in Japan, with the hopes of 
attracting a larger population and increased investment (Toyama City 2017).
At the same time, however, TCG’s compact city policies pose a thorny problem 
concerning how the city achieves greater levels of coordination and symbiosis 
between its central and periphery areas. In fact, we encountered a number of citi-
zens who have raised their concerns and worries that there might be a potentially 
irreversible disparity occurring from prospective continuous decline in the adminis-
trative services and resources allocated to the peripheral, hilly, and mountainous 
area. Also, some of those tend to see that a series of socioeconomic revitalization 
measures—understood by TCG as one of the most pressing agenda and taken almost 
exclusively in the central area—has been determined by processes not being open 
enough to include a wider spectrum of individuals who can better represent grass-
roots and civil societal viewpoints. From these perspectives, it can be said that the 
city faces a governance issue where a way of making its collective decision should 
be attuned to a more direct citizen participatory initiative.
In addition, Toyama city has a unique urban setting where surroundings of the 
terrain make the world’s rare landscape environment. Such a landscape endows the 
city with a 4000  m height difference which extends from the peak point of the 
Tateyama mountain range (3000 m height) in the south to the bottom of Toyama 
Bay (1000 m depth) in the north. TCG tries to take advantage of this particular geo-
graphical characteristic to appeal the city’s attractiveness. That in turn means that, 
on the one hand, the city accelerates bolstering and upgrading of urban functions in 
its central area, but at the same time the city needs to conserve and enhance a wide 
array of natural capitals in its peripheral rural area. We thus argue that such a diverse 
socioeconomic and ecological landscape constitutes an interesting context in which 
how the participating citizens envision desirable features of their future city can be 
affected.
4.2.1.2  Membership of WS Participants
All the participants volunteered to participate with understanding of the purpose of 
the WS. The total number of such participants was 16, of whom 9 were male. They 
extended from teenagers to elderly people in their 70s. Everyone but two partici-
pants are Toyama residents. The two nonresidents have ongoing business interests 
in the city and travel into the city every week day. Thus, all participants are direct 
stakeholders in the path of the city’s future. In 2016, the WS was held as a three- 
time event on August 6th and 27th and on October 22nd, each involving 5 to 6-h 
sessions in the afternoon with intermissions.
During the WS, the participants were evenly divided into two groups (Groups A 
and B) based on gender and age (see Table 4.1). Each group was facilitated by two 
of our authors, who took a content neutral stance, not intervening in the partici-
pants’ talks in terms of substance. Also, the facilitators had prepared in advance the 
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documents describing the procedures and methodologies and applied them equally 
to the two groups’ talks in order not to generate any managerial differences between 
groups. These were the measures being implemented for governing the WS because 
of our intent to achieve neutrality and comparability of the contents of both groups’ 
scenarios. In this manner, we made it possible to analyze the different outcomes 
being generated from the same processes.
4.2.2  Methods and Techniques of Dialogue 
Among the Workshop Participants
4.2.2.1  Rules and Norms for Free Dialogue
All participants were asked not to reveal any of their attributes such as professions, 
positions, and titles throughout the entire period of the WS. We thought this rule 
was important because people tend to be intimidated or feel restrained while talking 
to someone who they feel holds a superior position or has more expertise. At the 
same time, the participants were guided “not to deny, dominate, and conclude” their 
dialogue in any way or at any time (Sakano 2011). At the WS, these rules and norms 
were applied to the two groups for the sake of creating and maintaining an arena in 
where each one of the participants can be spontaneous and independent with others 
and thus can think and express opinions and preferences freely.
In addition, by setting the scenarios targeting a relatively longer term (in this case 
the year 2064, 48 years from the time of convening the WS in 2016), we meant to 
craft visions as ones radically different from, and more creative than those of the 
status quo. Also, the year 2064 points to a more distant future if compared to tar-
geted years of the TCG’s policies on urban development and planning. Thus, we 
thought that the participants were incentivized to become liberated from and unin-
fluenced by the current policies being pursued by the TCG.
4.2.2.2  Use of Key Items for Guidance
At the WS, we introduced a list of “key items” in relation to the issues of the city’s 
sustainability. Those key items were the ones actually used in the TCG’s general 
administrative plan in effect from 2007 to 2016 (Toyama City 2007). The plan had 
used the list to provide examples of certain aspects concerning relevant policies and 
measures indicating how TCG makes its decisions on urban development and 
Table 4.1 Membership of the 
Groups A and B
Group A 5 males (70s, 60s, 30s, 20s, 10s)
3 females (40s, 40s, 20s)
Group B 4 males (50s, 30s, 20s, 20s)
4 females (70s, 50s, 40s, 20s)
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 management. We also added to the list four broad elements: well-being, nature, 
economy, and society. These elements are equivalent to the ones proposed via a 
concept called a “sustainability compass” (AtKisson and Lee Hatcher 2001). Each 
broad element was divided into three subcategories respectively. For example, 
“well- being” consisted of “learning,” “health,” and “safety.” Each subcategory then 
indicated a number of its own key items. For example, the key items listed for 
“learning” were “home education,” “school education,” and “life-long education.”
During their dialogues, the participants were told to refer to the list while delib-
erating on the matter, but at the same time they were strongly advised not to be 
restrained by it as well. The reason for showing the list was founded on a procedural 
methodological perspective. It was meant to make sure that the multifaceted, plural-
istic characteristics of urban sustainability issues were well contemplated by the 
participants and properly reflected the outcomes of the scenarios with the minimum 
necessary level and amount of dialogue.
4.2.2.3  Use of Logic Tree
As shown in Fig.  4.1, we employed an analytical instrument called a logic tree. 
Logic tree is a schematization tool used to visualize the dialogues’ internal logics 
and underlying structures using a digraph method (Holcombe and Stein 1996; Wada 
et al. 2013). In its creation process, a top node represents a primary goal (green- 
colored node, top of Fig. 4.1) pursued in a vision of the scenario (e.g., a sustainable 
city). Under the primary goal, a series of secondary goals (red-colored nodes) (e.g., 
increased use of renewable energy, steady supply of resources and food, and exten-
sion of citizens’ health expectancy) and means to achieve them (pink nodes) are put 
in a sequential manner so that a set of causal connections constituting the contents 
of the dialogues can be visually captured.
In accordance with the BC method, the WS participants were asked to set their 
goals first and then draw the means from such goals, not vice versa. In so doing, a 
Fig. 4.1 Alignment of 
nodes and links of Logic 
tree
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chronologically backward way of thinking, a defining characteristic of BC, was 
maintained. During the WS, we the facilitators recorded the entire dialogues and 
used audio recordings as sources while constructing logic trees. Simultaneously, we 
also turned to documented outputs of the dialogues. Logic trees made after the first 
of the WS sessions were presented to the participants and utilized at the second and 
third WS sessions to induce and organize participants’ ideas and thoughts. After the 
final WS (the third), we produced the final versions of the logic trees. Thus, the two 
groups’ dialogues resulted in two logic trees.
4.2.2.4  Creating Multiple Scenarios
With regard to the concept of urban sustainability transition, we presupposed (as 
mentioned in Sect. 4.1) that when the participants’ interests, preferences, and 
knowledge are expressed in a more pluralistically divergent fashion, it is more likely 
that some will be mutually exclusive and contestable. From our perspectives, it is 
vital that the scenario-making process reflects these as such because they too con-
tribute to important, indispensable aspects of the concept of sustainability that is 
complex, inclusive, and comprehensive in its nature and because plurality of citi-
zens’ interests and preferences on urban sustainability should not be completely 
diminished in light of democratic collective decision-making (Kishita et al. 2018).
In that regard, we employed at the WS a method (Mizuno et al. 2012, 2013) that 
enables drawing multiple, not one, visions as a result of one set of dialogues. Such 
a method basically utilizes “key factors” that are prioritized by the participants in 
the process of crafting their visions. In more concrete terms, we turned to the method 
in which the participants first pick ten most important “key words” with reference 
to the output of the logic tree resulting from their dialogue. During this process, it 
was suggested that they refer to the list (see Sect 4.2.2.2), and again were advised 
not to be constrained by it when making their top ten choices.
They then selected the top two of the ten key words by scoring both the degree 
of importance and the degree of mismatch between the current actual conditions and 
an ideal state in the future. These top two are then named as “key factors.” With 
regard to each of the top two key factors, the participants were led to discuss and 
define two contrasting, contestable conditions and functions of their desirability for 
a future sustainable city. By crossing these two key factors just like two axes bisect-
ing each other at right angles, this method enables generating four different visions 
(see Fig. 4.2). Thus, at the WS, the two groups generated eight visions in total (four 
each, see also Fig. 4.4 below).
4.2.2.5  Choosing the Best Scenario
During the final phase, each group deliberated on which one to choose as the best 
from those four visions. It was important that they did not have to turn to a majority 
decision if they did not want to. Rather, they were advised by the facilitators to 
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reach their consensus on how to decide their best vision to begin with. By employ-
ing this method, we sought to go beyond mere aggregation of established interests 
and preferences of the participants and to see if anything emerged to reshape and 
restructuralize a constellation of interests and preferences being manifested in the 
processes of their vision-making (Knight and Johnson 1994; Landemore 2013). The 
participants were to create a pathway only to the best vision, and a combination of 
such pathway and the best vision forms “the best scenario.” This technique was used 
partly because of time constraints in the WS. As the final output, the WS resulted in 
the two best scenarios from the entire dialogues.
4.3  Verification Approaches to Research Questions
4.3.1  Examination of Multiple Visions
In verification processes, we first examined the processes and outcomes of the mak-
ing of eight visions and the two best scenarios. In doing so, we basically look into 
an underlying question as to whether the contents of the visions could reflect and 
capture diverged interests, preferences, and knowledge of the participants despite 
the fact that the same methods and techniques (such as rules for dialogue, list of key 
items, logic tree, and scoring method) were evenly applied to the processes between 
Groups A and B. We in turn examine the processes by which the participants reached 
a consensus regarding the way to choose the best of their four visions, and in so 
doing, we also compare the outcomes of such visions between Groups A and B.
In taking these two approaches, we had presupposed that the more divergence 
reflected in the processes, the more the outcomes of the resulting four visions and 
best scenarios become independent of one another, meaning that they do not overlap 
in terms of their substance, by describing starkly different, or even mutually exclu-
sive, states of the desirable future sustainable city.
Fig. 4.2 Crossing two key 
factors that have two 
contrasting features
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4.3.2  Use of the Sustainable Society Scenario (3S) Simulator
The second approach is the use of a simulation technique called the “sustainable 
society scenario simulator” (hereafter 3S simulator) proposed by one of the authors 
(Umeda et al. 2009; Kishita et al. 2009, 2010). The 3S simulator consists of an inte-
grated supporting system developed for assisting us to comprehend, generate, and 
analyze scenarios concerning sustainable societies. The 3S simulator utilizes a com-
putational model and algorithms to describe, with visualization, cause-and-effect 
relationships, logic, and structures that are endogenous to particular scenarios.
For instance, as shown in Fig. 4.3 below, importing outputs drawn from the logic 
tree analyses and from the audio recordings made for the WS sessions, the 3S simu-
lator relies on the digraph method to visualize structures within the scenarios’ con-
tents by making linkages among a series of nodes. Each node and link are categorized 
in accordance with their attributes. Attributes of nodes that we used are: problem, 
conclusion, fact, hypothesis, derived fact, and action. Attributes of links are: causal-
ity, equal, logical jump, detail, refer, compare, and paradox (Umeda et  al. 2009; 
Shelby et al. 2011). It can be understood that the order of these seven links basically 
indicates the degree to which each attribute consists of notions that are consistent 
with cause and effect and/or means-end relation. Thus, depending on how the attri-
butes of nodes and links are aligned with one another, the degree of logical consis-
tency attached to the contents of the scenarios can be evaluated. For instance, one 
can see that a scenario has a better logical consistency when its content can be 
Fig. 4.3 Example digraph generated by 3S simulator
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described with a structure connected through a set of “causality” and “equal” links, 
rather than of “compare” and “paradox” links.
At the same time, however, it is important to understand that a “logical jump” 
link does not necessarily refer to a linkage that is logically inconsistent or false. It 
indicates a prospective inclusion of a breakthrough or innovative leap made within 
a boundary of limited “causality” that is yet to be of cause and effect and/or means- 
end relation. This loosened conceptualization of causality as a “logical jump” is 
required by the fundamental orientation of the BC method because the BC method-
ology is founded upon the rationale that a greater leap from the status quo and path 
dependency is needed to address the issues of sustainability transformation and its 
related structural changes (Kishita et al. 2009; Loorbach et al. 2016).
Furthermore, based on the above-mentioned methodology, we also turned to a 
numerical index system that quantifies the degree of such logical consistency. The 
index used is called the “logicality index” (hereafter LI) and is defined as the portion 
of arguments which are only constructed upon “causality” and “equal” links as 
compared to all other arguments. A formula used for our judgment hereby is that 
higher LI means better credibility of a scenario. In our concern for the efficacy and 
implementability of the BC scenarios as policy instruments, the degree of credibil-
ity can be an important indicator because it affects the extent to which BC scenarios 
can be accepted in society by embedding and incorporating them into the ongoing 
practical policy processes (Alcamo et al. 2008; Kishita et al. 2009).
In this study, therefore, we relied on LI to examine how credible the best sce-
narios generated by Groups A and B were. At the same time, we also turned to the 
3S simulator to gauge LI in the existing scenarios of future sustainability. Note that 
all of such scenarios were made only by relevant professionals and experts and 
include ones that were made by following not only the BC but also FC methods and 
a combination of both. From our analytic perspective, whether or not the LIs of 
these future sustainability scenarios scored better than those of the best scenarios 
made during the WS, can be an important verification indicator.
4.4  Results, Analyses, and Discussion
4.4.1  Divergent Opinions Reflected in the Scenarios
Table 4.2 shows the lists of ten key words chosen by each group. One can see that: 
(1) notwithstanding the fact that many key words were chosen from the list of the 
“key items” (see Sect. 4.2.2.2) given to each group by the facilitators, the partici-
pants’ came up with their own choices, (2) choices for the ten “key words” differ a 
great deal between the two groups.
In addition, as shown in Fig. 4.4, each group made very different choices on the 
key factors as well. One can also find that the important aspects the WS participants 
placed their visions are not similar to one another in the sense that each of the four 
visions has its own characteristics, and that these do not overlap in terms of direc-
tion and content.
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Such diverged processes finally resulted in the two best scenarios whose visions’ 
characteristics were significantly different from each other. The WS participants went 
on to discuss the paths that they thought necessary to realize such visions. Table 4.3 
below shows the titles and some elements of the visions and paths. One can then be 
noted that the contents of these visions and paths reflected some important aspects of 
socioeconomic and socio-ecological concerns, which are elaborated as follows.
First, Group A’s best scenario (Table 4.3, left column) indicated that considering 
the city’s unique landscape characteristics (see Sect. 4.2.2.1), the WS participants 
proposed “dual residency” as a new type of lifestyle to achieve mutual harmony and 
benefit between the central and the peripheral areas. For this to be realized, they 
acknowledged that given the fact that prioritized allocation of TCG’s budgets and 
resources would inevitably be held in the future, the citizens should turn off their 
ongoing tendency to depend on administrative services (i.e., government interven-
tions and enterprises) and should instead have the mindset to cultivate and strengthen 
the spirit of self-help and/or mutual help compared to that of public help. They 
tended to regard such change in the division of roles between public and private 
spheres necessary to make their future city sustainable as a more unified entity.
Second, Group B’s best scenario (Table 4.3, right column) contemplated that in 
order to earn people’s admiration, the city would want capacity development in term 
of its production and education. That is because the WS participants thought that a 
place could attract people and have them stay there when residents felt enriched by 
and engaged in continuous, life-long learning that would also form the basis of sus-
tainable production and provision of goods and services for its society. Thus, in the 
path toward 2064, implementation processes of creating Toyama’s own industries 
and businesses (“city’s original quaternary industry”) were understood as vital. In 
such processes, the participants envisioned that the citizens should become as cre-
ative and unique as possible in their activities of daily living. They then acknowl-
edged that such conduct could take place to a greater degree when the citizens fully 
learned and utilized the city’s long-standing rich natural capitals (mountains, rivers, 
sea, paddies, and sceneries) and related cultural heritages (traditional arts and food 
cultures associated with water, rice, and fishes) that together constitute some impor-
tant aspects of its socio-ecological landscape.
Table 4.2 Differences in ten key words chosen by each group
Group A Group B
Civic prides People gathering
Disaster prevention New culture
Health/welfare Transportation
Renewable energy Education
One of a kind community Happiness
Internet of things Good life/rich life/life of affluence
Way of living/way of working Health
Tourism/migration (moving-in) Vigorousness/bustling
Labor population Harmony
Recycle-based society Love for one’s home town
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4.4.2  Convergence Found from the BC Scenarios and Their 
Making
4.4.2.1  Merged into a Holistic, “Systemness” Perspective
It is important to note that the WS participants did not end up identifying mutually 
exclusive, contrasting features in their choices of “key factors.” Described in 
Sect. 4.2.2.4 above, we had expected in advance that their divergent opinions can 
be better reflected by two different, possibly contrasting dimensions attached to 
the key factors. However, it appears that they saw mutually complementary fea-
tures that together apparently constitute essential aspects of the city’s societal 
functioning represented by each of the four key factors. For instance, one key fac-
tor “disaster prevention” is an essential aspect of the sound functioning of a soci-
etal system where a city seeks to become more sustainable in the future. Coming 
Table 4.3 Titles and elements of best scenarios (visions and pathways) in comparison
Group A Group B
Titles Environmentally advanced city that is 
also harmonious and coexists with nature




•  Harmonious with nature for expansion 
of clean energy
•  The concept of dual residency between 
central and peripheral areas of the city 
is well received
•  As results of compact-city-related 
policies, public services and various 
facilities accumulate in the central  
area
•  In the peripheral area, residents solve 
local matters via cooperation under the 
spirit of self-help, mutual help, and 
public help
•  To develop noble and distinctive 
humanity via vigorous and thorough 
life span inner education
•  To vitalize industries original in 
Toyama (traditional and/or 
entertainment industries, creative 
industries)
•  To introduce to and be admired by the 
world regarding citizens’ distinctive 
humanity and the city’s original 
quaternary industry
•  To establish an academic city and 
actively engage in conversational 
exchanges of ones’ opinions
Elements 
of paths
[from 2016 to 2030]
•  To educate the citizens on disaster 
prevention and environment
•  To accumulate knowledges by inviting 
experts and making study tours to 
other cities
•  To designate model sections within the 
city
[from 2030 to 2064]
•  To propose and accelerate the concept 
of dual residency between the central 
and peripheral areas
•  To develop clean energy that utilizes 
the resources of the Toyama 
prefectures
[from 2016 to 2030]
• To secure fiscal revenues
•  To enhance inner education among 
citizens (moral education, performing 
arts, and discourses on religion and 
history)
•  To engage in public relations 
internationally
[from 2030 to 2064]
•  To develop the city’s own (original) 
industries via handing down of 
traditional arts and crafts and via 
innovating creative industries
•  To develop the city’s infrastructures 
regarding scenery (landscape) and 
public transportation
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up with “software” and “hardware” to define and characterize such functioning is 
not only rightly attuned to divergence concerns, but is also attuned to bolster and 
leverage that functioning through utilizing some sort of holistic viewpoint or, we 
might rather say, a “systemness” perspective. This can be the case because disaster 
prevention can never properly function as a societal system without either of the 
two features. Also, it is more than significant that one can find such a systemness 
perspective running throughout the other three key factors as well.
Furthermore, we argue that this systemness perspective may also be found in the 
way in which both groups came up with their best visions. Each group’s participants 
did not just pick one out of the four visions as the best. Instead, what each group did 
was to merge these four into a single vision. Group A, for instance, named such 
vision as “environmentally-advanced city that is also harmonious and coexists with 
nature” because, while centering on vision 3, its members also took elements and 
features (such as solving local matters via cooperation under the spirit of self-help, 
mutual help, and public help and being harmonious with nature for expansion of 
clean energy) from the three other visions. This took place simultaneously in both 
groups and occurred without their being instructed to do so by the facilitators and 
without their resorting to any types of majority decision.
As a consequence, we argue that their choosing the best vision apparently 
entailed a rather holistic, systemness perspective, by which the participants brought 
together aspects of societal functioning that they thought are needed for their ver-
sion of the future desirable city to become more sustainable. If this is the case, we 
can point out that by finding a way to reach consensus on their own, the participants 
far exceeded our ex ante expectations in terms of going beyond the mere preference 
aggregation type of decision-making (see Sect. 4.2.2.5).
4.4.2.2  Textual Structures Backed by Logical Consistency
Based on the 3S analyses, we found that the contents of both groups’ best scenarios 
were aligned with the form of structure visually expressed by a set of means-end 
chains linked among the nodes (Fig. 4.5). As mentioned in Sect. 4.3.2 above, this in 
turn means that both scenarios equally entailed a degree of internally coherent, logi-
cal consistency in each of their structures. Considering the fact that the two sce-
narios significantly differed in their substance (as discussed in Sect. 4.4.1), we claim 
that it is a worthy finding having some bearing on procedural legitimacy that might 
prove the efficacy and implementability of the citizen participatory approach and its 
processes toward BC scenario-making.
In terms of this internal logical consistency, what we also found from our 3S 
analyses was congruent with our claim. As shown in Table 4.4, when compared, the 
LI numbers for both best scenarios (19% for Group A, 10% for Group B) were as 
good as the ones scored for the BC scenarios being made by three groups consisting 
of experts only (20%, 15%, and 9%). This suggests that as far as the internal logical 
consistency attached to the scenarios’ textual structure is concerned, the same 
degree of credibility and/or robustness can be acquired by either experts’ or lay citi-
zens’ participation in BC decision-making.
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Fig. 4.5 Portion of the result of the 3S simulator analysis for Group B
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In addition, the very methods and procedures we employed in the WS can receive 
further credit because while the LIs for the lay citizens’ BC scenario-making pro-
duced similar scores in comparison with the experts, the LIs also were much lower 
than the ones scored under the FC method (58%, 47%). This in turn suggests that 
the intended functioning of the BC methods was secured as expected so that more 
logical jumps departing from the status quo and/or breaking through path depen-
dency might be found in the BC rather than in the FC method.
4.4.2.3  Issue-Oriented Concerns Being Shared
Furthermore, our 3S analyses found another convergence, where both groups’ best 
scenarios had the same set of the subgoals being incorporated into their means and 
ends structures (see Fig.  4.5, (2) subgoals/subdivided ends). Such subgoals are 
“civic pride/love for one’s home town,” “health/welfare,” and “preventing declining 
population.” The findings here indicate that the WS participants happened to share 
the same issue-oriented concerns, and those concerns are the ones that were actually 
considered and pursued through relevant policies and measures by the TCG. Also, 
this finding becomes more intriguing when we consider the fact that the ways in 
which the nodes were linked differed significantly between the two groups’ scenario 
structures.
4.5  Conclusions and Implications for Further Research
Based on the analytical results shown above, we argue that while a broad spectrum 
of socioeconomic and ecological elements was incorporated, lay citizens’ unre-
strained dialogues in the WS sessions generated scenarios with a notably good 
degree of logically coherent, means-end-based structures and even projected what 
appeared to be a holistic, systemness-oriented perspective. In rhetorical terms, it can 
be said that once dispersed dots were connected to engender forms/texts backed by 
certain rational bases. Accordingly, we find it reasonable to conclude that when 
Table 4.4 LIs of various scenarios in comparison
Scenarios Methods LI [%]
Group A’s at Toyama WS Backcast 19
Group B’s at Toyama WS Backcast 10
HEV diffusion scenario (Matsumoto et al. 2008) Forecast 58
IPCC GHG emission scenario (IPCC 2007) Forecast 47
ETP 2012 scenario (IEA 2012) Forecast/Backcast 20
2050 Japanese low carbon society scenario 
(Nishioka 2008)
Backcast 15
Sustainable manufacturing industry scenario 
(Mizuno et al. 2014)
Backcast 9
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governed in certain ways, citizen participatory approaches can hit a fairly good bal-
ance between diverged processes and converged outcomes of BC scenario-making 
on the issue of urban sustainability transition. This leads us to claim that by way of 
ascertaining a required level of credibility, such a finding serves to prove and 
enhance practicality and implementability of BC scenarios that are considered daily 
policy instruments.
Among other possible contributing factors, the ones most significant to this 
favorable result would be the combination of logic trees and the list of key items. 
While it is plausible that these two aspects synergistically provided the WS partici-
pants with a good deal of reference focal points affecting the ways in which their 
dialogues were framed and constructed, each of the two groups ended up having 
their divergent opinions reflected in the scenarios’ substances. Considering the fact 
that envisioning sustainability of future cities inevitably demands embracing plural-
istic ideas and reflecting a set of multiple value systems (Umeda 2008; Kishita et al. 
2010; Lang et al. 2012; Kanie 2017), we consider that the methods and processes 
we employed in the WS have some credibility toward achieving this goal.
Furthermore, our 3S analyses found that three issues—civic pride, health/wel-
fare, and dealing with population decline—were equally recognized by both groups 
as important aspects to be pursued and realized when considering desirable features 
and functions of their future city. Even if those three issues were induced to be par-
ticipants’ significant interests because of the framing effects associated with the list 
of key items, we argue that this still conveys an important implication, particularly 
from a practical policy viewpoint. Notwithstanding the fact that the two groups 
came up with significantly different scenarios, it was shown that all the participants 
could reach a consensus on the importance and necessity of the same three policy- 
related issues. We tend to interpret such a phenomenon as manifestation of “core 
beliefs” held by the participating citizens acting as a collective decision-making 
entity. The significance of such a finding in BC scenario-making should not be 
undervalued because it is central to the democratic procedural legitimacy attached 
to collective decision-making (Sandker et al. 2010; Lang et al. 2012).
Drawing from such an understanding, we assert that further analyses should be 
conducted to identify what types of relationships and dynamics exist within the 
dialogues and processes between the agreed three issues (i.e., core beliefs in our 
terms) and the converged textural structures. When explored in a positivistic/empiri-
cal manner, findings thereof will make a significant contribution to deeper under-
standing of the interaction and its mechanism between the two concepts of 
“divergence” (diverged processes and opinions) and “convergence” (converged out-
comes and structures) inherently attached to BC scenario-making, especially viewed 
in the context of general citizens’ consensus-building. At the same time, such stud-
ies will also contribute to advancing the understanding of the complex and multifac-
eted nature of a future city’s function and its transition toward sustainability.
We therefore claim that the results of our study indicate that there exists the 
rationale for bringing about more and more lay citizens’ direct participation in BC 
scenario-making in the future. Besides being often advocated in the relevant litera-
ture from a normative standpoint, the theme has not so far been addressed or 
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 examined in terms of empirical research, analyses, or backing data. In such sense, 
this chapter is a pioneering effort to fill these gaps.
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Chapter 5
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Abstract This chapter attempts to (a) identify the drivers of biodiversity degradation 
of the Sundarbans of Bangladesh, (b) present an alternative understanding on the 
measures for sustainable utilisation and conservation of resources and (c) suggest 
actions and policy alternatives to reverse the process of degradation and to move 
towards transformative harmonious human–nature interactions. While it is docu-
mented that the size of the Sundarbans of Bangladesh reduced and several floral and 
faunal species of the forest have been facing threat of extinction, the causes of con-
tinuous and unabated loss of the resources of this forest region have not been rigor-
ously demonstrated. By challenging the mainstream approaches, the chapter 
theoretically and empirically exhibits that the exclusion of indigenous peoples and 
local communities (IPLCs) in the conservation and management process has contrib-
uted to the losses of biological diversity and suggests that the IPLCs have been prac-
tising several unique production methods based upon their traditional knowledge 
which can significantly contribute to the sustainable management of resources 
through symbiotic human–nature relationships. Following multiple evidence base 
(MEB) approaches, it is found that human sociality-based conservation practice pos-
itively impacts on resilient indicators and helps achieve Aichi Biodiversity Targets.
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The chapter considers the case of the Sundarbans of Bangladesh, the largest man-
grove ecosystem of the world and a hotspot of biodiversity resources, to explore the 
underlying causes behind the continuous and unabated losses of its biodiversity 
resources and to seek viable means (policy) or measures (action) through which the 
process of degradation can be halted, the conservation process can be revitalised, 
and the sustainability of the resources can be ensured. It accordingly maps and finds 
out the key stakeholders and the agents dependent on the Sundarbans biodiversity 
resources and presents an alternative analysis to the sustainability of natural 
resources management integrating traditional knowledge (TK) systems to the socio- 
ecological production landscapes and seascapes (SEPLS) and draws on actions as 
regard to sustainable management of natural resources by means of harmonious 
human–nature nexus. Such an alternative analysis developed here can be used in 
other countries that are facing the same type of problems in biodiversity loss.
It is well documented that biodiversity resources have been declining at an 
alarming rate across different regions of the world posing threat to the future of 
humanity as well as to the other species (Higgins et al. 2013). Means and measures 
drawn on different school of thoughts are yet to find out the solutions of sustainable 
natural resource management which would lead to sustainable conservation pro-
cess, secured livelihood options for the stakeholders and balanced ecosystem. 
Selfish resource exploitation, in fact, threatens societies as well as livelihoods con-
tributing to a serious imbalance of the ecosystem (Battersby 2017). The situation is 
even worse in developing countries where the continuous pressures have already 
caused the extinction of numerous biodiversity resources. Bangladesh is no excep-
tion in this case. The Sundarbans of Bangladesh, known as the lung of the country, 
can now be identified as an important case of ecologically vulnerable area in terms 
of degradation of biodiversity resources. Several studies conducted on the 
Sundarbans have concluded that the resources of the Sundarbans have been declin-
ing gradually (e.g. Iftekhar and Islam 2004; Gopal and Chauhan 2006; Giri et al. 
2007, 2014; Rahman et  al. 2010; Rahman and Asaduzzaman 2010; Uddin et  al. 
2013; Islam 2014; Aziz and Paul 2015; Sarker et al. 2016). These studies have iden-
tified the external causes of forest degradation (e.g. conversion to other land use, 
over-harvesting, pollution, coastal erosion and climate change) or quantified the 
reduction in forest coverage area. Those studies, however, have not been able to 
provide solid theoretical foundation to analyse these problems and hardly propose 
an alternative suitable conservation and sustainability framework. Against this 
backdrop, this chapter critically explores the major theoretical underpinnings of 
neoclassical economics, institutional economics and political ecology to analyse the 
major drivers, including property rights instability, fragile institutions, lax regula-
tory regimes, unequal power sharing arrangements and political settlement. By 
employing such analyses of the state-of-the-art, the research exhibits that the exclu-
sion of indigenous peoples and local communities (IPLCs) in the conservation and 
management process has contributed to the losses of biological diversity of the 
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Sundarbans. The chapter argues that the IPLCs have been practising several unique 
production methods based upon their TK which can significantly contribute to the 
sustainable management and conservation of natural resources through symbiotic 
human–nature relationships. It reveals, as a whole, that the well-being of SEPLS 
essentially depends on human sociality constructed by norms, values and other for-
mal and informal institutions.
The next section presents a brief profile of the Sundarbans by identifying this 
mangrove ecosystem as a perfect case of SEPLS. The third section provides a con-
ceptual framework that helps identify the major drivers of biodiversity resource deg-
radation of the Sundarbans as well as examine the alternative means and measures 
for the conservation and sustainable utilisation of those resources. In the analyses 
parts of sections four and five, the empirical evidences have been discussed by jux-
taposing the existing policy and institutional set up into the developed conceptual 
framework to reveal the major drivers of resource degradation and show alternative 
options which can be applied as viable means to manage the resources in a sustain-
able way. The penultimate section discusses the current resilience capacity of the 
Sundarbans based on the major findings of the study. The final section ends with 
concluding remarks.
5.2  A Brief Profile of the Sundarbans: A Socio-Ecological 
Production Landscape and Seascape (SEPLS)
This chapter uses three elements, here, in the form of structure, benefits and changes 
(Ichikawa, 2013) to present the Sundarbans as a perfect case of SEPLS.
5.2.1  Structure: Dynamic Mosaics of Habitats and Land Uses
The Sundarbans is located at the great delta of the Ganges, Brahmaputra and 
Meghna (GBM) rivers at the edge of Bay of Bengal and is the largest contiguous 
single-tract mangrove ecosystem in the world (Fig. 5.1). This mangrove ecosystem 
lies within both India (the State of West Bengal) and Bangladesh. The Bangladesh 
part is larger compared to the portion in India, with an area of 6071 km2 (62% of the 
total area), which constitutes 39.5% of the total forest area of Bangladesh (Roy and 
Alam 2012). Of this Bangladesh part, 70% is land area and the rest (30%) is water 
(Kabir and Hossain 2008). The wetlands of the Sundarbans consist of about 200 
islands separated by about 400 interconnected tidal rivers, creeks and canals 
(Rahman et al. 2010). The Sundarbans was recognised as a Natural World Heritage 
Site in 1997 by UNESCO and as a Ramsar Site of international importance in 1992 
(IUCN Bangladesh 2014).
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5.2.2  Benefits: Maintaining Biodiversity and Providing 
Humans with Goods and Services
The Sundarbans harbours 334 species of trees, shrubs, herbs and epiphytes and 
about 400 species of wild animals (Behera and Haider 2012). Sundri (Heritiera 
fomes) is the most important floral species. Other prominent species are: gewa 
(Excoecaria agallocha), baen (Avicennia officinalis), passur (Xylocarpus mekon-
gensis), keora (Sonneratia apetala), goran (Ceriops decandra), ora (S. caseolaris) 
and hental (Phoenix paludosa). It also offers high value non-timber forest products 
like honey, wax, fish and crabs. This forest is also rich in its faunal diversity. There 
are 448 species of vertebrates including 10 amphibians, 58 reptiles, 339 birds and 
41 mammals (Department of Environment [DoE], Government of Bangladesh 
[GoB] 2015). It provides habitat for diverse aquatic wildlife such as estuarine croco-
dile (Crocodylus porosus), turtles (Lepidochelys olivacea), dolphins (Platanista 
gangetica and Peponocephala electra) and molluscs like the giant oyster 
(Crassostrea gigas). Nevertheless, the Royal Bengal Tiger (Panthera tigris) is the 
most magnificent animal. According to the census of 2004, around 440 tigers resided 
in the Bangladesh part while the most recent estimate puts such to around 106 tigers 
Fig. 5.1 Location of the Sundarbans. (Source: IUCN n.d as cited in Rahman et al. 2010)
R. A. M. Titumir et al.
71
(Bangladesh Forest Department [BFD], 2015 and The Guardian, 27 July 2015). It is 
also home to thousands of spotted deer (Axis axis) and barking Deer (Muntiacus 
muntjak).
These biotic along with other abiotic resources of the Sundarbans contribute 
directly or indirectly to the economy both at local and national levels. Fig. 5.2 shows 
how the resources of the Sundarbans have been utilised for different purposes, con-
tributing both to the lives and livelihoods of local people and to the economy of the 
country. The livelihood pattern in the Sundarbans area varies with seasons and sup-
ports an estimated 3.5 million people directly or indirectly (Sarker et  al. 2016). 
Wood and golpata collectors (Bawalis), fisherman (Jele), honey and wax collectors 
(Mouals), shell collectors (Chunary) and crab collectors are among the major occu-
pational groups of the adjacent forest region. The lives and livelihoods of the local 
people are mainly related to the physical and biological (or biodiversity) resources 
as depicted in Fig. 5.2.
5.2.3  Changes: Shaped by the Interactions Between People 
and Nature
The Sundarbans has experienced major ecological and physiographical changes due 
to anthropogenic pressures and climatic disorder, which have taken a heavy toll on 
the regenerative capacities of the forest and its ability to maintain sustainability. 
Such pressures have resulted in the continuous decline of the forest coverage and of 
its biodiversity resources. In 1776, the size of the Sundarbans was 17,000 km2. At 
present, it is only almost half of this total area (Islam and Gnauck 2009). A recent 
report shows declining trends in forest areas both in India and Bangladesh (Fig. 5.3).
The reduction of volume of important tree species of the Sundarbans can also be 
analysed through forest inventories prepared by different agencies (Table 5.1). The 
trend in growth of trees in each case is found to be declining.
The degradation of floral diversity also yields negative impacts on faunal diver-
sity. As many as 20 globally threatened species inhabit in the Sundarbans. The most 
endangered species are Batagur baska (turtle), Ganges River dolphin and the 
Irrawaddy dolphin. Other threatened wildlife species include pythons, king cobras, 
adjutant storks, white-bellied sea eagles, clawless otters, masked fin-foots, ring liz-
ards, river terrapins, fishing cats, spoon-billed sandpipers, and eagles (Department 
of Environment [DoE], GoB 2015). The most important faunal species, the Royal 
Bengal Tiger, is also enlisted as an endangered species by the IUCN. Table 5.2 pro-
vides a summary of the characteristics of the Sundarbans as regards SEPLS.1
1 The two major indicators for identifying SEPLS have been specified here based on the definition 
by the Satoyama Initiative and illustrated by others (e.g. Gu and Subramanian 2012; Ichikawa 
2013; Bergamini et al. 2013).
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Fig. 5.2 Sundarbans resource system. (Source: Titumir and Afrin 2017)
R. A. M. Titumir et al.
73
Table 5.1 Growing stock of the Sundarbans (Source: FAO 2011)
Year Inventory done by
Sundri (number of 
trees per hectare)
Gewa (number of 
trees per hectare)
All tree species 
(number of trees per 
hectare)
1959 Forest and Forestal 
Engineering, Canada
211 61 296
1983 Overseas Development 
Authority
125 35 180
1996 Forest Resource 
Management Project, FD, 
GoB
106 20 144
Table 5.2 The Sundarbans as a SEPLS (Source: Titumir and Afrin 2017)
Indicators
Relevant to the 
Sundarbans? (yes/
no) Why relevant?
Mosaic of production 
landscape/seascape
Yes It is a mangrove forest that includes forest, 
coastal and wetland ecosystems, supporting 
diverse production activities
Harmonious interaction 
between humans and 
nature and well-being of 
both
Yes It provides the IPLCs different options for 
maintaining livelihoods and the IPLCs provide 
protection to the forest and its resources 
through traditional livelihood practices
Fig. 5.3 Mangrove forest change of the Sundarbans from 1776 to 2010. (Source: Joint Landscape 
Narrative by India and Bangladesh, CEGIS 2016)
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It should, however, also be noted that the balance of such a SEPLS has continu-
ously been threatened as has been found in the above discussion.
5.3  A Conceptual Framework: SEPLS, Human Sociality 
and Sustainability
Means and measures employed for the natural resource management are primarily 
drawn from market centric theoretical underpinning as a part of the intellective proj-
ect of neo-liberalism. This school of thought suggests that the biodiversity resources 
degrade primarily because of the non-existence of market and negative externality 
(Sadmo 2015; Perrings et al. 1992). It argues that valuation techniques can provide 
useful insights to support policy initiatives by quantifying the economic value of the 
resources and to devise exchange rule associated with the protection of biological 
resources (Costanza et al. 1997; Pearce 2001; Bräuer 2003; Kumar 2005; Barbier 
2007; McAfee and Shapiro 2010; Hahn et al. 2015). This understanding has been 
complemented by the institutional economists as establishing a formal property 
rights regime can efficiently manage the natural resources where the absence of 
property rights results in resources degradation (Ostrom 2000; Vatn 2009, 2010; 
Ituarte-Lima et al. 2014).
A section of the political economy analyses, on the contrary, contend that the 
existence of overlapping property rights regime contributes to the conflicting 
resources management and degradation. It sheds light on the political elements in 
resources management regime and highlights the hierarchical relationship that 
exists in society. It argues that institutional arrangements (property rights) are vul-
nerable to some political economic factors stemming from accumulation by differ-
ent agents in presence of non-cooperative solution. It further stresses upon the roles 
of the formal political institutions and emphasises on the narratives about the 
changes of the ecosystem services (Robbins 2012).
Such literature provides a lens to describe the bio-environmental relationship in 
the presence of distribution of power to production activities and its link to ecologi-
cal analysis (Greenberg and Park 1994). It emphasises on the claim that the degra-
dation of natural resources is not only about the non-existence of market but also 
about unequal power sharing by the stakeholders over the management of resources 















Fig. 5.4 Political economy factors inducing biodiversity resources degradation. (Source: prepared 
by the authors)
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enable the powerful group to capture resources with impunity (Adhikari and Goldey 
2010). The process prioritises the rule of individuals over the rule of law which 
ultimately results in institutional fragility, enlarging rent dissipation, rent seeking 
and seize of property rights.
Market centric analysis does not recognise that if particular species of ecosystem 
of a special kind are being traded for monetary gain, they might not be replaced. It, 
however, fails to offer a sustainable solution regarding the distinct characteristics of 
interdependent relationship among humans, biodiversity resources and ecosystems 
services. Exchange based on economic valuation is found to be faulty (Kosoy and 
Corbera 2010; Gomez-Baggetthun and Ruiz-Perez 2011; Muradian et  al. 2013; 
Turnhout et al. 2013; Neuteleers and Engelen 2015). It reduces biodiversity into a 
number of quantifiable parts, subjecting to the utilitarian usage and reducing social–
natural relations to market transactions (Turnhout et al. 2013). Such measures pro-
vide a narrow conception of ecosystem services and are potentially detrimental to 
the conservation of resources. Alongside, the political ecology does not provide any 
measures but a broad understanding of the contributing elements of the degradation 
of natural resources.
Human beings are part of the ecology not merely the exclusive agents who 
extract resources. The long-standing embeddedness of the human beings into the 
ecology and the roles they play into the system remains unexplored and sometimes 
has been identified as external to the system. Being a part of this system, human 
beings have been maintaining an interwoven, intimate and reciprocal nexus with the 
nature. This nexus can be explored from ‘human sociality’ perspective. Human 
sociality refers to the human beings, as a collective organisation, and is part of the 
larger ecosystem, which possess distinct knowledge and practices that systemati-
cally and sustainably contributes to the conservation and regeneration of the 
resources along with maintaining provision of ecosystem services. It stresses upon 
that societies in harmony with nature contribute to the biodiversity conservation 
through revitalisation and supporting SEPLS where informal institution plays a cru-
cial role. Informal institutions which include norms, values and traditional knowl-
edge not only contribute to the SEPLS but also conserve and regenerate the resources 
for making a more resilient ecological system and society.
A sustainability conservation framework constructed in this chapter exhibits that 
inter-institutional pitfall stemming from exclusion of informal institutions and com-
munity ownership causes degradation of the natural resources, contrary to the 
market- centric perspectives. It argues that the earlier practices of fencing off pieces 
of nature as a means to ‘mitigate’ anthropogenic intervention have been proved 
costly, unsustainable, and dubious in terms of socioeconomic and conservation pro-
cesses (Liu et al. 2012). This alternative framework has taken the political economy 
premise to identify the causes of degradation with emphasising on the complemen-
tary relations between human beings and nature in ensuring the sustainable utilisa-
tion and distribution of the resources. It claims that conservation requires 
acknowledging a diversity of values, knowledge and framings of SEPLS which 
build the cooperation and incentivise conservation for long-term sustainable use of 
those resources (Fig. 5.5).
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This framework argues that in the presence of neo-liberal means and measures, 
the exchange process constitutes a patron–client relationship. In this process, the 
IPLCs become the external agents to the ecological milieu, and it brings institu-
tional fragility because of unequal power sharing between political elites and IPLCs. 
Such exchange relationship culminates into primitive accumulation of the resources 
and unsustainable extraction of resources (where, harvest is greater than the yield 
due to maximum realisation of the resources rent). Alternatively, the sustainable 
conservation framework based upon human sociality suggests that allocation of 
resources regime to the IPLCs is sustainable. IPLCs together with their traditional 
knowledge and practices constitute a socio-ecological production network. IPLCs 
contribute to sustain this production network because of its symbiotic nature to the 
stock of resources. This incentivises IPLCs to invent knowledge to conserve the 
resources and to practice the knowledge for ensuring a sustainable value chain. 
Thus, altogether the IPLCs and their TK practices make the biodiversity resources 
more resilient (where yield is greater than harvesting) and sustainable.
5.4  Drivers of Biodiversity Resource Degradation 
of the Sundarbans2
It is necessary to define the nature of property rights of a particular type of resources 
in order to identify the drivers of degradation of those resources through the lens of 
political economy. The reason is that fragile institutional arrangement (e.g. instable 
property rights) is at the root of resource degradation which results from the influ-
2 The empirical sections (Sects. 5.4 and 5.5) discuss these results drawn from different studies, 
conducted by the Unnayan Onneshan(e.g. Kabir and Hossain 2008; Baten and Kumar 2010; UO 
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Fig. 5.5 Conceptual framework. (Source: prepared by the authors)
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ence of many political economic factors. A brief overview has been provided here 
firstly on the current structure of property rights of the Sundarbans. The major driv-
ers of resource degradation have been identified thereafter.
5.4.1  Structure of Property Rights of the Sundarbans
The nature of property rights of the Sundarbans was ambiguous since formulation 
process. It was treated as open access forest for harvesting and conversion for agri-
culture particularly during Mughal period. The British colonisers ruling over Indian 
subcontinent became aware of the importance of this mangrove forest and declared 
it as Reserve Forest (RF) in 1878. The right over the forest was, thus, kept in the 
hands of the government. After the independence of Bangladesh in 1971, the forest 
of Bangladesh part was declared as RF again under the Forest Act 1927. Then, the 
Forest Policy of 1994, however, recognised the community participation in the man-
agement process and accordingly recognised the rights of the local people. The 
property rights structure of the Sundarbans now, therefore, cannot be defined in 
terms of specific type of property rights (common or public) rather the rights are 
being distributed among the state authority and local people. The overall structure 
of property rights can be explained through a diagrammatic representation based on 
Schlager and Ostrom’s (1992) typology of bundle of property rights (Fig. 5.6).
Since 1994 the Forest Department (FD) on behalf of the state took the responsi-
bility to ensure the efficient use of resources of the Sundarbans as the owner, propri-
etor, authorised claimant and authorised users. The resource users have the right to 
access and use resources by obtaining permission from the FD. On the contrary, the 
local people had got management rights along with the access and withdrawal rights. 
The practical scenario, however, signifies that this formal institutional arrangement 
is not stable. They have to face many barriers to exercise their rights to have access 
inside the forest and to use the biodiversity resources. Moreover, the FD is also 
found to be inefficient to exercise its legal rights in a stable way. Such instability is 
apparent through several legal and quasi-legal interventions by different powerful 
agents into this resourceful region as will be clarified in the below discussions.
State
Proprietor







Fig. 5.6 Property rights structure of the Sundarbans. (Source: prepared by the authors)
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5.4.2  Increasing Habitation and Illegal Encroachment
The existence of instable and ill-defined property rights creates scope for the politi-
cally and economically powerful groups to encroach into the forest of the Sundarbans 
in illegal ways. The Sundarbans, particularly, locates within the three districts of 
Khulna, Satkhira and Bagerhat. The density of settlement across these three regions 
has been increasing over the years, and the trend will continue as the projection 
indicates (Fig.  5.7). Shear dependence on natural resources of the Sundarbans, 
therefore, is also increasing. Such increasing habitation is largely an outcome of 
fragile property rights regime by the community over this ecological landscape. A 
significant number of migrated people find it possible to encroach into the forest 
and, therefore, intend to live in the nearby districts of the Sundarbans.
They are not the indigenous local people, and therefore, they do not respect the 
local customary practices to conserve the forest resources and always intend to 
extract the resources as much as possible and thus enhances the process of degrada-
tion. Moreover, politically and economically powerful groups are also found to con-
tinuously encroach into the forest region by making coalition at different levels.
5.4.3  Rent-Seeking Tendency and Extra-Legal Management
The government agencies, officials and functionaries are alleged to be rapacious in 
their own right too. There are irregularities in fishing and collection of honey, timber 
and golpata (Nypa fruticans). For instance, in every case the traditional collectors 
have to get access right (BLC—Boat License Certificate) from FD to enter into the 
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Fig. 5.7 Population density in the districts encompassing the Sundarbans (in number). (Source: 
Authors’ calculation based on population census of 2001 and 2011 by BBS (2011))
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resource collectors have to collect resources more than they are permitted to which 
adversely affects the reproduction capacity of the forests. Moreover, the illegal 
encroachment into the forest, as described in the previous subsection, by the politi-
cally powerful ones has been possible with the direct cooperation of forest officials 
through bribery and other illegal means such as embezzlement and misuse of power. 
Going against its own policy, the government over the last few years permitted set-
ting up of 190 industrial and commercial units in the ecologically critical area 
(ECA) of the Sundarbans, which poses a serious threat to the biodiversity (Fig. 5.8). 
The government declared the 10-km periphery of the mangrove forest as the ECA 
in 1999, after the UNESCO listed it as a natural world heritage site. As per 
Bangladesh Environment Conservation Act 1995 (amended in 2010), no one is 
allowed to set up any factory in the ECA.
Most of these agents and interest groups of land grabbers are businessmen and 
industrials units who have powerful political linkage. The most recent and contro-
versial project is the ‘Rampal Power Plant Project’, a coal-based power plant, 
fraught with triple jeopardises in the three domains of environment, economic and 
technical feasibility, which may cause dangers to the integrity of the Sundarbans. 
The project is under the process of implementation.
5.4.4  Land Reclamation and Shrimp Cultivation
Conversion of land into commercial shrimp farming is the largest human threat to 
the Sundarbans mangrove ecosystem. The increase of the farms is mainly caused 
through quasi-legal intervention. The farms are put in place by the powerful local 
stakeholders, specifically, by the rich fishermen (not part of the indigenous people), 
connected with political and administrative structures at local and national levels. 



















Fig. 5.8 Factories near the Sundarbans. (Source: The Daily Star, 6 April 2018)
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There is an increasing trend of shrimp (Bagda, Penaeus monodon) cultivated areas 
adjacent to the Sundarbans (in hectares) from 1992 to 2005 (Fig. 5.9). The construc-
tions of shrimp ponds contribute to the degradation and loss of mangrove habitats in 
several ways. For instance, a shrimp-cultivating pond exhausts its usefulness within 
3–6 years of construction.
Therefore, the cultivators have to move along the coast, destroying mangroves to 
make room for more ponds. Moreover, it increases salinity in the soil and thus alters 
the soil composition of that region. Southwest coastal region of Bangladesh is 
already facing increasing salinisation, especially between October and May. 
Laboratory analyses of water and soil samples show an increase of salinity over 
time in the region. Climate change induced sea-level rise will further intensify the 
problem of river and soil salinisation (World Bank 2016).
5.4.5  Marginalisation of Traditional Forest Users
The current management framework of the Sundarbans excludes the traditional for-
est resource users in the management process. Here exclusion means that the com-
munities cannot apply their customary knowledge to resource management. Their 
exclusion from managing this forest led them to undermine the process of conserva-
tion because of inadequate representation of their interests. Moreover, the current 
management practice does not include alternative livelihood options for them.
5.5  Informal Institutions, Traditional Knowledge 
and Human Sociality: Towards Sustainable Conservation 
of Biodiversity Resources
The IPLCs sensibly believe that the forest provides their livelihoods, and it must be 
protected from all sorts of misuse and abuse for the present and future generations. 
They, therefore, follow some rules according to which they harvest the resources 










Fig. 5.9 Bagda shrimp cultivated areas adjacent to the Sundarbans (in hectares). (Data Source: 
Hussain 2014)
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5.5.1  Traditional Rules and Practices Followed by IPLCs
5.5.1.1  Rules Followed by the Mouals (Honey/Wax Collectors)
Honey is considered as an important non-wood forest product. The Mouals (honey/
wax collectors), while collecting honey from the honeycombs, usually during the 
months of April, May and June, cut a specific section (about two thirds) of the hon-
eycomb and leave the rest for reproduction. They also try to make sure that no 
young bees are killed while collecting honey and squeeze beehives by hand and 
never use metal tools. They revisit the colonies after a period of 1 month or more 
depending upon the size of the colony and flowering condition of nearby vegetation. 
When collecting the honey, the Mouals produce smoke using dry leaves but never 
put fire on beehive.
5.5.1.2  Rules Followed by Bawalis (Wood Collectors)
The Bawalis (wood collectors) follow several rules to ensure sustainable harvests of 
wood. They leave at least one stem in each clump of trees after cutting. Once the 
Bawalis have harvested wood from a compartment, in the following year they will 
not use this compartment for harvesting but will harvest on a cyclical basis so that 
there is an adequate re-growth of plants. They usually cut wood where there is abun-
dance. They do not cut young and straight trees. The Bawalis believe that this tidal 
forest is a sacred place and the Creator washes the forest twice a day and maintains 
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Fig. 5.10 Traditional rules and practices followed by IPLCs occupational groups at a glance. 
(Source: prepared by the authors)
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5.5.1.3  Traditional Practices of Golpata (Nypa fruticans) Harvesters
According to the rules followed by Golpata harvesters, exploitation in any area is 
not allowed more than once in a year and is not allowed during June to September 
specifically as it is the growing period of Golpata (Nypa fruticans). They cut only 
the leaves that are approximately 9 ft long, and the leaves are cut in a way so that the 
central leaf and the leaf next to it in each clump are retained. They maintain the rule 
that the flowers and fruits shall in no way be disturbed when cutting leaves. They 
also maintain that young plants with only one utilisable leaf should not be cut.
5.5.1.4  Customary Rules Followed by Jele (Traditional Fishers)
The Jele (traditional fishers) knows that catching fish fry will ultimately deplete the 
number of fishes in the water bodies and thus they try to avoid doing so. They do not 
use ‘jal’ net (very small-meshed net) usually. They use nets like behundi jaal (bag 
net) or charpaataa and khaal-paataa jaal (stake nets)—which are innovated and 
customised scientifically to benefit the Sundarban’s unique waterscape. They use 
big-meshed net for rivers and small-meshed net for closed water bodies. They do 
not catch all species of fish and also avoid fishing in the spawning period.
5.5.2  Innovation and Diversification of Livelihood Patterns
In addition to the above-discussed traditional rules and practices which have been 
practiced through generations, the IPLCs in recent times have also diversified their 
livelihoods options by innovating different production methods and techniques as 
responses to the continuous deterioration of their livelihood opportunities due to 
man-made pressures (e.g. degradation of forest resources, loss of agricultural lands) 
and anthropogenic pressures such as climate change. These techniques are innova-
tive as the IPLCs came up with these for enriching their adaptation capacity to the 
changed situation.
5.5.2.1  Innovative Techniques in Agriculture
The local small farmers have developed some innovative techniques in agriculture 
that are adaptive to local biophysical conditions while ensuring environmental sus-
tainability. In the face of climate change and increased salinity in soil and water in 
that coastal region, the farmers grow their rice seedlings in raised land to reduce the 
risk of saline water contamination for ensuring maximum survival and then these 
seedlings are transplanted in the main agricultural land. For instance, they harvest 
rice plant at 8–12-in. high from the ground to respond to high salinity contents in 
soil and water (Fig. 5.11a). Practically this saline contaminated rice straw is decom-
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posed within very short time if these are used as roofing materials. They, therefore, 
let those to be decomposed in the field which in turn add organic matter, mainly 
nitrogen, in soil and also reduce saline intensity, which is beneficial for the growth 
of their next crop. Moreover, those who are landless, grow vegetables on sheds or 
roofs, yard or back yard of their houses (Figure 5.11b).
5.5.2.2  Community-Based Mangrove Agro Aqua Silvi (CMAAS) Culture
The CMAAS culture refers to the practice of integrated cultivation of some man-
grove faunal species—crabs, oyster or fishes (e.g. shrimps and bhetki [Lates calca-
rifer]) and floral species—golpata (Nypa fruticans), keora (Sonneratia apetala), 
goran (Ceriops decandra), etc. at the same time on any swampy land of brackish 
water. In addition, integrated cultivation of some mangrove floral species like gol-
pata and a few faunal species like tengra (Mystus tengara), baila (Awaous guamen-
sis), tilapia (Tilapia nilotica), etc. are practiced in a fresh water swampy land. The 
CMAAS culture is found to be profitable as is depicted in Table 5.3.
CMAAS culture is in fact an alternative practice to the commercial shrimp (CS) 
culture which has negligible or no adverse impact on the Sundarbans ecosystem. It 
has been pointed out already in the previous discussion that the commercial shrimp 
cultivation is leaving huge adverse impacts on the Sundarbans. Here, a comparative 
analysis of these two types of culture is provided in summary based on the findings 
of a research of Unnayan Onneshan.
The comparison in economic terms3 can be depicted in Table 5.4. In terms of net 
present value (NPV) and net benefit (NB), CMAAS culture looks more profitable 
than commercial shrimp (CS) culture. But the scenario is quite different when con-
sidering benefit–cost ratio (BCR). The BCR scenario implies that the cost effective-
ness of CS culture is comparatively higher. Shrimp cultivation is, therefore, no 
3 The cost–benefit analysis (CBA) approach was used to compare the economic returns in this case.
Fig. 5.11 (a) Rice harvesting in raised lands and (b) cultivating vegetables on roof
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doubt profitable. But beneficiaries are a selected group of people, and regrettably it 
has badly affected the livelihoods of landless and marginal farmers. Moreover, the 
ecological comparison (Table 5.5) proves that the CS culture is highly detrimental 
to the environment, whereas CMAAS culture has negligible or no harmful impact 
on the environment.
The ecological benefits resulting from the practice of CMAAS culture signify 
that the culture protects lands and soil from erosion, ensures better utilisation of 
fallow lands, protects environment from pollution, helps conserve biodiversity 
resources of the Sundarbans and most importantly provides alternative and sustain-
able livelihood options for the IPLCs.4
The CMAAS culture, as a whole, therefore, is a unique adaptation method to 
adapt to climate change in the coastal region. The local communities have invented 
this method, displaying a strong sense of ownership and a scope for scalability.
4 The research, conducted by Unnayan Onneshan, focused only on a comparative analysis of 
CMAAS and CS culture based on economic and ecological indicators and has found it as a sustain-
able livelihood option for the IPLCs. More research can be conducted on a rigorous basis to assess 
its viability as an alternative income source for a wider context of coastal region for increased 
number of populations.
Table 5.3 Economic return of CMAAS culture (Source: prepared based on findings of the 





  Total income (per ‘Bigha’/per 
year): BDT 56,250
  Total cost (per ‘Bigha’/per 
year): BDT 1800
  Net benefit: BDT 54,450
  Cost–benefit ratio: 1:32
Mangrove aqua farming (fauna):
  Total income (per ‘Bigha’/per 
year): BDT 1,83,000
  Total cost (per ‘Bigha’/per 
year): BDT 14,750
  Net benefit: BDT 173,250
  Cost–benefit ratio: 1:12
Note: A Bigha, a unit of land measurement, is 1600 yd2 (0.1338 hectare or 0.3306 acre) and often 
interpreted as being 1/3 acre (it is precisely 40/121 acre). In metric units, a bigha is hence 1333 m2
Table 5.4 Value of cost–benefit analysis (CBA) measures of CMAAS and CS culture (Source: 






Present value of costs (PVC) 16,550.00 8860.00
Present value of benefits 
(PVB)
217,500.00 177,272.72
Net present value (NPV) 202,454.54 169,218.18
Net benefit (NB) 200,950.00 168,412.72
Benefit–cost ratio (BCR) 13.00 20.00
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5.6  IPLCs, Resilience and Aichi Biodiversity Targets
As a Contracting Party to the Convention on Biological Diversity (CBD), Bangladesh 
is committed to implementing conservation and sustainable management of its bio-
logical diversity. The findings based upon empirical analysis, however, reveal that 
the most important biodiversity hotspot of this country, the Sundarbans, is under the 
threat of continuous degradation. In this process, the lives and livelihood conditions 
of the IPLCs are also being adversely impacted. Moreover, traditional knowledge- 
based livelihood strategies of the IPLCs are found to be effective in maintaining 
sustainable utilisation and conservation of this forest ecosystem. Yet, their knowl-
edge has been neglected often under the formal institutional management system. 
Under the considerations of such major findings, this section firstly assesses the resil-
ience capacity of the Sundarbans as a SEPLS based on some of the notable resilience 
indicators5 considering two scenarios: (a) resilience capacity under current manage-
ment process and (b) change in resilience capacity under the alternative conservation 
framework (developed in Sect. 5.3). A multiple evidence-based approach for the 
5 A set of indicators of resilience of SEPLS has been developed by UNU-IAS to provide a tool for 
communities to understand their resilience and encourage the practices that strengthen it (UNU-
IAS 2015). In total 20 indicators are developed so far, but here some of the important indicators 
have been used to assess the case of the Sundarbans.
Table 5.5 Ecological Comparison between CMAAS and CS culture (Source: prepared based on 
findings of the research by Unnayan Onneshan 2010)
Criteria CMAAS culture CS culture
Salinity No use of saline water; no salinity 
intrusion
Increases salinity in soil (in farmland 
and in adjacent lands)
Use of lands Homestead adjacent fallow lands are 
used, and no conversion of forest 
lands into cultivation lands
Used ponds exhaust usefulness 
within 3–6 years of construction. So, 
destruction of mangroves occurs to 
make room for more ponds




No usage of chemical fertiliser or 
insecticides, natural feeding, and 
therefore no pollution
Chemical fertiliser, insecticides, etc. 




Does not affect the agricultural 
productivity
Restricts crop production in 
agricultural land (by increasing 
salinity of lands) and conversion of 
agricultural lands to shrimp farming 
ponds reduces land availability
Impacts on the 
Sundarbans (in 
particular)
Eases and reduces the increasing 
anthropogenic pressures, making an 
alternative source of livelihoods for 
the local people who are dependent 
on the Sundarbans
Eradication of natural mangrove 




An innovative adaptation method to 
climate change for the vulnerable
Increases the vulnerability to climate 
change
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assessment of the resilience capacity has been followed. The findings of the assess-
ment have, then, been summarised in Table 5.6 through triangulation of conceptual 
framework (developed through critical analysis of available secondary literature on 
natural resource management), primary data collected from the IPLCs through 
numerous consultations and authors’ own interpretations on the former. In this 
regard, a significant amount of primary data has been collected through participatory 
approaches (Focus Group Discussions—FGD, unstructured interview, Participatory 
Rural Appraisal—PRA tools like social mapping, impact assessment by the respon-
dents, etc.) particularly drawing on from knowledge, views and understandings of 
IPLCs who are the members of the three cooperatives that the Unnayan Onneshan 
had helped set up—Harinagar Bonojibi Bohumukhi Unnayan Samity, Koyra 
Bonojibi Bohumukhi Unnayan Samity and Munda Adivasi Bonojibi Bohumukhi 
Unnayan Samity in the adjacent regions of the Sundarbans (Fig. 5.12).
Secondly, the section also illustrates how the alternative measures as suggested 
by this study for ensuring sustainability of biodiversity of the Sundarbans can help 
achieve the Aichi Biodiversity Targets6 envisioned by CBD.
A comparative analysis shows that human sociality-based alternative framework 
contributes significantly to the conservation of the Sundarbans biodiversity by mak-
ing more resilient ecological system and society. This conservation practice directly 
impacts on 12 resilient indicators indicating a positive relationship (Table 5.6). It 
signifies that this framework is more ecologically responsive regarding the context 
of a SEPLS. For instance, under the current management approach, the ecosystem 
is hardly protected, and the regeneration capacity is hampered because of failure of 
checking anthropogenic pressures. On the contrary, the alternative framework tries 
to ensure the protection of the ecosystem at a higher level and revitalise the regen-
eration capacity at the fullest (indicator 1, 2, 3). This is possible as the alternative 
one puts high emphasis on the importance of the traditional knowledge system, 
whereas the current regime does not fully recognise the traditional knowledge (indi-
cator 5, 6). In terms of the governance and equity indicators, the community-based 
governance is only envisioned in the policy paper, but in practice such governance 
system is undermined by agencies of the government. The alternative suggestions, 
on the other hand—the participation of the community in resource management—
build a social capital that contributes to the cooperation, social equity and efficient 
governance (indicator 7, 8, 9, 10). Both the management frameworks (current and 
alternative) recognise that the livelihoods of the local people are based on biodiver-
sity resources of the Sundarbans (indicator 12). The alternative framework, how-
ever, emphasises that this biodiversity-based livelihood pattern should be maintained 
in a sustainable way that conserves the biodiversity resources (indicator 4) as well 
as provides alternative livelihoods under the changed circumstances by diversifying 
their income sources (indicator 11).
6 A set of 20 global targets under the Strategic Plan for Biodiversity 2011–2020 (CBD 2013; CBD 
Secretariat 2014).
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Table 5.6 Comparative analysis of resilience capacity of the Sundarbans under two different 
scenarios (Source: prepared by the authors)
Resilience indicators
Scenario under current practice of 
management
Scenario under the alternative 
conservation framework
Very 




high High Medium Low
Very 
low
Landscape and seascape diversity and ecosystem protection
 1. Ecosystem 
protection
√ √
 2. Ecological 
interaction considered
√ √









 5. Traditional 
knowledge related to 
biodiversity
√ √




Governance and social equity
 7. Rights of the 
community in resource 
management
√ √
 8. Community-based 
governance
√ √





10. Social equity √ √
Livelihood and well-being




5 Traditional Knowledge, Institutions and Human Sociality in Sustainable Use…
88
The alternative conservation framework, accordingly, helps achieve some of the 
important targets under ‘Aichi Biodiversity Targets’ as is illustrated in Table 5.7. 
Firstly, it helps to contribute to the Target no. 10 by reducing pressures on vulnera-
ble (here, mangrove) ecosystem. Secondly, it promotes restoration and enhanced 
resilience of that ecosystem and thus helps achieve Target no. 15. Finally, and most 
importantly, it contributes to achieve Target no. 18 by respecting the TK system 
practised by the local and indigenous communities (Table 5.7).
Table 5.7 Achievement of Aichi Biodiversity Targets under the alternative conservation framework
Targets Relevant indicators/issues Contribution of this case study
Target 10: Pressures 
on vulnerable 
ecosystems reduced
• Trends in extent, of 




• Multiple anthropogenic pressures 
identified on a mangrove ecosystem
• Presenting and promoting the 
TK-based climate adaptation methods 
and sustainable agricultural methods
Target 15: Ecosystem 




• Traditional rules and methods followed 
by IPLCs promote the restoration 
process and enhances resilience capacity
• Climate change adaptation methods 
like CMAAS innovated by the IPLCs 
enhances resilience capacity
Target 18: Traditional 
knowledge respected
• Traditional knowledge, 
innovations and practices
• Customary use of 
biological resources
• Promotes TK knowledge system 
practised by the IPLCs
• Urges to recognise the traditional 
practices in the resource management 
framework
• Emphasises on the participation of 
IPLCs in the resource management
Conceptual framework 
(developed through critical
analysis of secondary literature)
Primary data collected from
IPLCs through participatory
methods












Fig. 5.12 Methods followed for the collection and analysis of data for the assessment of the resil-
ience capacity of the Sundarbans. (Source: prepared by the authors)
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5.7  Conclusions
There is a significant number of anthropogenic pressures that cause the degradation 
of biodiversity resources of the Sundarbans. These anthropogenic pressures have 
mainly intensified with the advent of neo-liberalism as the sole strategy of accumu-
lation of wealth, with profits being considered more important through commer-
cialisation of forest products, neglecting intrinsic ecological value of biological 
resources. These commercial enterprises, formal and informal, are found to be 
highly organised in their extractions of resources, and most often being politically 
patronised and administratively supported. The chapter, thereafter, has scrutinised 
the livelihood strategies of the IPLCs, the resource-dependent communities of the 
Sundarbans, and the results show that their livelihood strategies (both traditional 
practices and innovative tools) are largely effective and beneficial for the protection 
and maintenance of natural mangrove ecosystem. The assessment of the Sundarbans 
on the basis of the resilience indicators of SEPLS also shows that the current resil-
ience capacity can be improved by mainstreaming the traditional knowledge base 
and participation of the indigenous people into the resource management framework.
The lessons from this study can be applied with necessary modifications to 
improve policy decisions and management interventions of such type of SEPLS in 
different countries of the world. There is no denying of the necessity to revise laws, 
regulations, and policies relating to the use of resources and to secure the rights of 
the IPLCs.
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Abstract Socio-ecological resilience is vital for the long-term sustainability of 
communities in production landscapes and seascapes, but community members 
often find it difficult to understand and assess their own resilience in the face of 
changes that affect them over time due to economic and natural drivers, demo-
graphic changes, and market forces among others, due to the complexity of the 
concept of resilience and the many factors influencing the landscape or seascape. 
This chapter provides an overview of a project and its resilience assessment process 
using an indicator-based approach, which has been implemented under the 
International Partnership for the Satoyama Initiative (IPSI). In this project, a set of 
20 indicators were identified to capture different aspects of resilience in SEPLS, and 
examples are included from various contexts around the world, with the purpose of 
identifying lessons learned and good practices for resilience assessment. These 
indicators have now been used by communities in many countries, often with the 
guidance of project implementers, with the goal of assessing, considering, and mon-
itoring their landscape or seascape’s circumstances, identifying important issues, 
and ultimately improving their resilience. While this particular approach is limited 
in that it cannot be used for comparison of different landscapes and seascapes, as it 
relies on community members’ individual perceptions, it is found useful to under-
stand multiple aspects of resilience and changes over time within a landscape or 
seascape.
Keywords Satoyama Initiative · Socio-ecological production landscapes and 
seascapes (SEPLS) · Indicators · Resilience · Assessment
6.1  Introduction and Background
The “Indicators of Resilience in Socio-ecological Production Landscapes and 
Seascapes (SEPLS)” are a set of 20 indicators for communities to assess the socio- 
ecological resilience of the production landscapes and seascapes on which they rely 
for their livelihoods and well-being. While socio-ecological resilience is a complex 
concept, for the purposes of this project, it is considered that resilience refers to 
“the capacity of a system to deal with change and continue to develop; withstand-
ing shocks and disturbances and using such events to catalyze renewal and innova-
tion” (Stockholm Resilience Center 2014). The set of indicators has been piloted, 
field- tested and applied over nearly 10 years through a number of programs, some 
of which are introduced in this chapter, with the result that communities in the 
landscapes and seascapes covered by these programs have better understood their 
own resilience and developed strategies for improvement. The indicators also have 
an added benefit as a capacity-building tool, as the process of using them for resil-
ience assessment helps local community members to understand how they can be 
actively involved in resilience improvement through actions on the ground and to 
learn about concepts that are important for planning activities and project design, 
but are often unfamiliar to farmers, fishers, and other ground-level practitioners. 
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Resilience assessment stimulates active dialogue among actors with diverse attri-
butes and backgrounds.
The background of the indicators dates back to the beginnings of the Satoyama 
Initiative, a global initiative to realize its vision of “societies in harmony with 
nature” through the revitalization and sustainable management of SEPLS.  The 
Satoyama Initiative was established based heavily on research results from the 
“Japan Satoyama Satoumi Assessment” (JSSA), a multi-year assessment carried out 
in Japan of satoyama and satoumi, which are Japanese landscapes and seascapes 
dominated by human production activities, i.e., Japanese SEPLS. Among the JSSA’s 
findings were that: (1) these landscapes and seascapes are composed of an inter-
linked mosaic of ecosystem types that are managed to provide for human well- 
being; (2) they have undergone significant changes in recent years that have caused 
a drop in their resilience; (3) this trend has important consequences for human well- 
being and biodiversity; and (4) integrated approaches to address this trend have the 
potential to reduce biodiversity loss and maintain sustainable flows of ecosystem 
services (UNU-IAS 2010).
For these integrated approaches to be developed and implemented, a need was 
identified to first assess resilience in order to be able to maintain and strengthen it. 
Resilience in production landscapes and seascapes is a function of their dynamic 
and evolving ecological, social, cultural and economic systems, not of any static set 
of natural resource uses or species, making it impossible to measure precisely with 
any simple yardstick. With this complexity in mind, an initial set of indicators was 
developed jointly by Bioversity International and the United Nations University 
Institute for the Advanced Study of Sustainability (UNU-IAS). Much of the back-
ground and reasoning behind this process was compiled in the policy brief 
“Indicators of Resilience in Socio-ecological Production Landscapes (SEPLs)” pro-
duced by UNU-IAS in 2013 (Bergamini et al. 2013). Findings of the report showed 
that the indicators approach can help identify gaps in knowledge and areas of inter-
vention to improve resilience in target communities. This report also identified sev-
eral principles that informed the selection of the indicators, including that they 
should be easy to understand by local land users; that they should reflect the views 
of various stakeholders; and that people’s perceptions and needs change over time. 
In addition to the findings of the JSSA and other research, the indicators were based 
on case studies collected under the Satoyama Initiative that demonstrated communi-
ties’ abilities to build their resilience.
As cited above, the JSSA found that the interlinked nature of SEPLS—mean-
ing interlinkages between people and nature, between different ecosystem pro-
cesses, between ecosystem services and human well-being, and others—gives 
resilience to their socio-ecological production systems. This is what makes resil-
ience difficult to measure, and also what previous research found pointed to the 
need for an indicators approach that considers the social and cultural dimensions 
of ecosystem functioning including temporal changes (van Oudenhoven et  al. 
2011). Related research has found that community-level resilience encompasses a 
diversity of ecological, socioeconomic, and other variables, suggesting that an 
integrated model could be used for assessment of resilience based on a matrix of 
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these variables (Antwi et  al. 2014). The indicators were therefore designed to 
allow local communities to monitor social dimensions in addition to ecological 
factors, and also to help implement and evaluate conservation approaches, as 
informed by the Satoyama Initiative case studies (Bergamini et al. 2013). Because 
this indicator approach is based on community members’ perceptions, it is limited 
in that it cannot be used for comparison of different SEPLS, rather collecting 
subjective information for the use of the community itself.
After the initial set of indicators was field-tested and applied in projects in over 
20 countries, the indicators were further refined and updated, and a “Toolkit” publi-
cation was published to facilitate their use in 2014 (UNU-IAS et  al. 2014). The 
toolkit provides a revised set of the 20 indicators, practical guidance on how to use 
them for resilience assessment, and examples of their use from the field. The current 
set of indicators and methodology are now being used by projects working to 
improve resilience in communities around the world. This chapter provides an over-
view of the indicators, some examples of how they are used in projects, and findings 
from these processes and projects.
6.2  The Indicators and Resilience Assessment
As mentioned above, the 20 indicators have been selected to help communities 
assess the resilience of the socio-ecological systems in the landscapes and seascapes 
on which they rely for their well-being. The indicators are grouped into five areas, 
outlining practices and institutions that contribute to resilience in SEPLS and 
account for the specific social and ecological functions and components that make 
up the SEPLS system as follows:
Landscape or seascape diversity and ecosystem protection
 1. Landscape/seascape diversity
 2. Ecosystem protection
 3. Ecological interactions between different components of the landscape/
seascape
 4. Recovery and regeneration of the landscape/seascape
Biodiversity (including agricultural biodiversity)
 5. Diversity of local food system
 6. Maintenance and use of local crop varieties and animal breeds
 7. Sustainable management of common resources
Knowledge and innovation
 8. Innovation in agriculture and conservation practices
 9. Traditional knowledge related to biodiversity
 10. Documentation of biodiversity-associated knowledge
 11. Women’s knowledge
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Governance and social equity
 12. Rights in relation to land/water and other natural resource management
 13. Community-based landscape/seascape governance
 14. Social capital in the form of cooperation across the landscape/seascape
 15. Social equity (including gender equity)
Livelihoods and well-being
 16. Socioeconomic infrastructure
 17. Human health and environmental conditions
 18. Income diversity
 19. Biodiversity-based livelihoods
 20. Socio-ecological mobility
Each of the 20 indicators listed above is provided in the toolkit publication 
(UNU-IAS et al. 2014) with a description, examples where appropriate, a question 
to be asked in assessing the indicator, explanations of high and low scores, and 
additional discussion questions where appropriate. The indicators are intended to be 
scored by individual participants first, then collectively among all participants, on a 
scale from 1 to 5, with 1 meaning the situation is least likely to be conducive to 
resilience, and 5 meaning the most favorable situation. For example, for the first 
indicator, “landscape/seascape diversity,” a score of 1 would mean an extremely low 
level of diversity of natural ecosystems and land uses in the landscape or seascape, 
while a score of 5 would indicate high diversity, considered likely to contribute to 
resilience. In many cases, the temporal trend of the indicator may also be assessed, 
indicating whether the situation is perceived to be improving, deteriorating, or 
unchanging.
While anyone can use these indicators in whatever way and for whatever purpose 
they like, the process presented in the toolkit publication is a community-based 
resilience assessment workshop, which allows for an interactive and participatory 
process for community members to understand and discuss resilience. In these 
workshops, a representative group of landscape or seascape residents along with 
any other relevant stakeholders, with as broad as possible representation in order to 
ensure equity and diversity of voices, is invited to take part. The procedure of the 
workshop may vary depending on the purpose and intended outcomes of using the 
indicators. Generally, the agenda should include: an introduction to key concepts; 
explanation of the purpose of the workshop; exercises such as community mapping 
and/or creating historical timelines; scoring of the indicators themselves; and dis-
cussion of the results of the scoring. This process not only collects community 
members’ opinions, but gives them a chance to consider the shape and conditions of 
their own landscapes and seascapes, and understand concepts and topics such as 
“biodiversity” and “resilience.” These concepts may be more commonly used in 
academic or policymaking circles than among community members on the ground, 
but are important for all participants to understand in order to have an assessment 
that is accurate and based on common understanding. The dialogue that takes place 
during the assessment can reveal rich information on how stakeholders view their 
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landscapes or seascapes similarly or differently, and stimulates discussion among 
actors who may not have regular interactions (e.g., elders and youth, different eth-
nicities, socioeconomic statuses).
Information and opinions on landscape and seascape resilience collected through 
this process have been used for a variety of purposes. Some examples are given in 
the next section of this chapter and include: to identify a baseline for producing a 
sustainable development strategy at the landscape/seascape level and design proj-
ects to implement the strategy, as seen in the cases in Sects. 6.3.1 and 6.3.2; for 
monitoring and evaluating the effectiveness of ongoing resilience-strengthening 
programs, as in Sects. 6.3.3 and 6.3.4; and as data for academic research projects, as 
in Sect. 6.3.5.
6.3  Experiences Using the Indicators of Resilience
6.3.1  Use of the Indicators to Facilitate Participatory 
Governance and Decision-Making: The COMDEKS 
Program
The “Community Development and Knowledge Management for the Satoyama 
Initiative” (COMDEKS) program has, since 2011, piloted a community-based 
model of landscape management in 20 landscapes and seascapes around the world, 
with the core objective to restore resilience in the face of a changing climate and 
socioeconomic challenges, protect biodiversity, and sustain SEPLS. The indicators 
are one of the principal tools employed by COMDEKS to gather information on 
current conditions and trends in different dimensions of resilience, link them to 
management practices past and present, and deepen community understanding of 
what these observations mean in relation to resilience. Repeated use of the indica-
tors allows for adaptive management, where assessment results are used to continu-
ously update activities in line with community needs. COMDEKS is implemented 
by the United Nations Development Programme (UNDP) in partnership with the 
Ministry of the Environment of Japan, the Secretariat of the Convention on 
Biological Diversity, and UNU-IAS, and is funded by the Japan Biodiversity Fund. 
The Global Environment Facility Small Grants Programme (GEF SGP) functions as 
its delivery mechanism and provides co-financing as well as technical and human 
resources to oversee its implementation.
The COMDEKS methodology relies on community consultation to drive a pro-
cess of participatory landscape planning, and the indicators are central to the com-
munity consultation process. As part of this process, community members and other 
stakeholders come together to conduct a baseline assessment using the indicators, 
which is then used to define a “landscape strategy.” Based on community perspec-
tives and priorities delineated in the landscape strategy, projects in the community 
are identified and provided funding to implement the strategy. The indicators are 
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integral to discussion, analysis, and negotiation in the processes of generating 
 baseline information, reaching consensus on major challenges to local resilience, 
and developing a plan of action to address these challenges. Because of their effec-
tiveness in promoting group discussion and interaction, they are also critical in gen-
erating the social capital necessary to undertake community-driven projects.
Under COMDEKS, target communities come together to discuss and score each 
indicator during a workshop organized as part of the baseline assessment of the 
landscape or seascape. This process is just as important for its educational purposes 
as for its role in generating data. Experience has shown that discussing and scoring 
the indicators acts as an effective introduction to the principles of landscape and 
seascape resilience. First, group discussion before scoring provides an opportunity 
to talk about resilience with local examples. The scoring exercise itself grounds this 
more general discussion in  local experience, acting as a means to consider land-
scape conditions and trends and what they mean for resilience. Gaining an apprecia-
tion for the concept of resilience and how it manifests locally is one of the most 
important factors for the community in the early stages of the COMDEKS process.
The scores given for each indicator by stakeholders during the baseline assess-
ment workshop provide essential input for the community to develop its landscape 
strategy. This is the most critical part of the planning process, where the community 
comes up with a vision of what a more resilient landscape would look like and 
determines what actions would be required to realize this vision. Although the 
scores are not quantitative measures of resilience, they do help identify potential 
problems that the strategy can address through COMDEKS projects.
An ex-post baseline assessment carried out at the completion of COMDEKS 
projects also uses the indicators to identify changes in resilience. A workshop simi-
lar to that carried out for the baseline assessment is held, at which the indicators are 
again scored by the community, and these scores are compared with the earlier ones. 
Although comparing the scores from the baseline assessment with those from the 
ex-post assessment cannot be used as a quantitative measure of landscape resilience 
change, it can be used to highlight local perceptions of changes due to the com-
pleted projects, and other factors affecting landscape resilience, and to indicate 
progress toward the goals identified in the landscape strategy and recommend adap-
tive measures. Thus, the indicators are an integral feature of COMDEKS implemen-
tation from beginning to end. They are also key to the adaptive management cycle 
that COMDEKS is based on, in which project results are used as a source of learn-
ing and innovation for future community efforts. The indicator scores, in addition to 
other progress metrics, are essential elements in monitoring and evaluation (M&E) 
processes.
The COMDEKS program has shown that besides facilitating a common under-
standing and vision for participatory landscape and seascape management among 
local stakeholders, the indicators can play an important part in giving community- 
level interventions legitimacy in the eyes of policy makers. By involving policy 
makers in the process and helping them to understand the elements that benefit 
resilience, and further by demonstrating that these elements can be considered and 
evaluated systematically, experience using the indicators has in some cases made it 
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easier for policy makers to consent management actions designed to rebuild and 
sustain resilience.
Similarly, the indicators contribute greatly to resilience-focused SEPLS gover-
nance. They offer a method for assessing landscape changes as perceived by local 
landscape users, and evaluating landscape interventions as part of an adaptive man-
agement process. As such, they represent a potentially powerful tool for governance 
and sustainability planning. Community-based management actions based on their 
use have already proven effective in protecting local biodiversity while enhancing 
rural livelihoods and revitalizing local cultures in landscapes and seascapes covered 
under the COMDEKS program (UNDP 2018).
6.3.2  Using the Indicators for Community Benefits 
Under the “GEF-Satoyama Project”
The project “Mainstreaming Biodiversity Conservation and Sustainable 
Management in Priority Socio-ecological Production Landscapes and Seascapes” 
(or the “GEF-Satoyama Project”) was developed with the aim of achieving societies 
in harmony with nature with a sustainable primary production sector based on tra-
ditional and modern wisdom, to make significant contributions to global targets for 
conservation of biological diversity. The project consists of three mutually interact-
ing components: on-the-ground demonstration, with investments in ten subgrant 
projects in ten countries from the Indo-Burma, Tropical Andes, and Madagascar and 
Indian Ocean Islands Biodiversity Hotspots; knowledge generation through case 
studies and mapping; and capacity-building and awareness raising. The GEF- 
Satoyama Project is funded by the Global Environment Facility (GEF), imple-
mented by Conservation International and executed by Conservation International 
Japan in cooperation with UNU-IAS and the Institute for Global Environmental 
Strategies (IGES).
The indicators were applied for baseline and progress monitoring under the 
GEF-Satoyama Project. All ten proponents of the site-based projects1 conducted 
assessments using the indicators of resilience at the beginning and end of the imple-
mentation of their projects’ interventions to document the status of landscape or 
seascape resilience. The assessment is designed as a participatory process that 
engages a variety of stakeholders including community members, civil society orga-
nizations, government agencies, and others. The use of the indicators enables the 
1 The subgrant proponents are: Asociación Amazónicos por la Amazonia (AMPA), Peru; Dahari, 
Comoros; Environmental Protection and Conservation Organization (EPCO), Mauritius; Fauna 
and Flora International (FFI), Myanmar; Fundación para la Investigación y Desarrollo Social 
(FIDES), Ecuador; Green Islands Foundation (GIF), Seychelles; Inter Mountain Peoples’ 
Education and Culture in Thailand (IMPECT), Thailand; The Energy and Resources Institute 
(TERI), India; Universidad Industrial de Santander (UIS), Colombia; and Wildlife Conservation 
Society (WCS), Madagascar.
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identification of priority actions for local innovation and implementation of adap-
tive management through community-led activities.
Toward these ends, training in the use of the indicators was provided to the proj-
ect proponents, their partners, and other stakeholders, to enable them to contribute 
to building environmental and social resilience on the ground. Some of the key 
benefits gained from the application of the indicators in the GEF-Satoyama Project 
are discussed below.
• Recognizing the value of nature
• According to the results of the use of the indicators under the GEF-Satoyama 
Project, resilience assessment helped community members to re-evaluate nature 
in their communities through discussion of the diversity of flora, fauna, and food 
sources; the exercise of mapping their landscapes and seascapes; scoring of the 
indicators; and sharing and understanding their reasons for scoring them as they 
did. The discussion also helped local communities to revisit their history and 
socio-ecological and political conditions related to how they have engaged with 
their landscapes and seascapes, share their perceptions related to nature and their 
management, and recognize the evolution of their SEPLS. In turn, this encour-
aged more active participation of local communities in the development of par-
ticipatory management plans, conservation practices, natural resource 
management, and enforcement. In the project in Zunheboto District of Nagaland 
in northeast India, conducted by The Energy and Resources Institute (TERI), the 
villagers of Sukhai, Ghukhuyi, and Kivikhu had become concerned that they 
were consuming too much wildlife, which led them to establish a community 
conserved area (CCA) in their territory. CCAs are areas voluntarily put into pro-
tection by communities for the purpose of conservation through consensus under 
self-imposed management rules. Although the ban on hunting has an economic 
impact on all community members due to loss of income from wildlife sales, 
after carrying out the resilience assessment they agreed that they could benefit 
more from conservation through activities such as ecotourism involving bird and 
butterfly watching. Activities also include making use of available natural 
resources by revitalizing their traditional weaving of handicrafts or shawls, a 
skill that only a few women currently possess. During the resilience assessment, 
members of the communities recognized that they still have extraordinarily rich 
biodiversity in their ecosystems. However, many of them found that unique eco-
systems and the associated natural resources they were benefiting from were 
declining in size and quality, and understood the need to take more rigorous 
management measures to keep receiving these benefits. Thus, the resilience 
assessment helped them to identify challenges in their SEPLS, and encouraged 
active engagement of local communities to develop and implement natural 
resource management plans.
• Revitalizing indigenous and local knowledge
• The resilience assessments also evaluated local knowledge systems, including 
indigenous, local, and women’s knowledge. This exercise helped local commu-
nities to recognize and take stock of their indigenous and local knowledge and 
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how they utilize, maintain, and transfer the knowledge to the next generation. 
They also considered how they can innovatively use new knowledge integrated 
with traditional knowledge within their SEPLS.  For instance, in a rainforest 
community in Makira Natural Park in northeastern Madagascar under the proj-
ect conducted by Wildlife Conservation Society-Madagascar, people found that 
they are active in innovation in agriculture and conservation practices such as 
changes in intensive and improved rice cultivation systems using a “system of 
rice intensification” and “improved rice system”; establishment of permaculture 
and agroforestry; and reactivation of clove and cacao plantations to help against 
erosion. At the same time, they found that transmission of local knowledge still 
exists verbally, with elders having the impression that younger generations do 
not show much interest in learning about medicinal plants but rather prefer mod-
ern medicines. As a result of the resilience assessment workshop, local commu-
nities agreed to collect documents that provide knowledge about biodiversity, 
and to build a database to be used by school programs and for distribution of 
information.
• Similarly, most of the communities under the GEF-Satoyama Project were 
reminded of their indigenous, local, and women’s knowledge through the assess-
ment workshop and recognized that this knowledge was not being appropriately 
transferred to the next generation. Thus, many of them came up with some means 
for local documentation or improvement of communication among community 
members.
• Strengthening local governance and social equity
• The micro-watershed of the Las Cruces stream in the central Santander District 
in northwest Colombia is an area that was “opened” for use after the military 
conflict between the Revolutionary Armed Forces of Colombia (FARC) and the 
National Liberation Army (ELN) ended. The management of natural resources 
occurs mainly at the agroforestry farm level, and there are no formal efforts to 
manage natural resources. The project proponent, Universidad Industrial de 
Santander, used three indicators related to regulation and local protection prac-
tices: “ecosystem protection”; “maintenance and use of local crop varieties and 
animal breeds”; and “sustainable management of common resources.” The use of 
these indicators helped community members to evaluate and begin to improve 
local management systems and issues related to equity, which is of importance to 
re-inhabited post-conflict areas. Since the state entity in charge of environmental 
issues in the region (the Regional Autonomous Corporation) restricts the extrac-
tion of native timber species from farms where people take care of them, resil-
ience assessment workshop participants felt that they should have greater 
autonomy in this regard. They showed a growing interest in environmental issues 
for conservation and to influence communal well-being. The participants also 
identified serious weaknesses related to cooperation between farmers as well as 
with other organizations. As a result, they agreed that trust and social capital 
within the community needed to be strengthened to make real transformation in 
the landscape.
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Under the GEF-Satoyama Project overall, the assessments using the indicators 
provided a platform for community members, key stakeholders, and project propo-
nents to come together and evaluate the current status of their landscapes and sea-
scapes and share their perceptions with others. They came up with ideas for 
strengthening governance including official and community regulations, communi-
cation, and organizational mechanisms to realize natural resource management in 
the community. In many cases, assessment participants tried to strengthen collabo-
ration with policy makers to seek better management options. Besides establishing 
a baseline against which the achievements of the project are measured, resilience 
assessments provided opportunities to:
• Explore traditional and local knowledge, history, and social and political condi-
tions in the area
• Share strengths and weaknesses of the SEPLS among community members and 
other stakeholders
• Stimulate dialogue among different community groups and stakeholders that 
normally do not interact to a significant extent and thus deepen the understanding 
of differing perceptions toward the landscapes and seascapes
• Understand the needs of local communities
• Strengthen trust between project proponents and the stakeholders
The documentation of the discussion stimulated by the process of attempting to 
reach consensus scores for the indicators is an asset that endorses participants’ 
thinking, and which will remain as a valuable reference for the future.
6.3.3  A Case Study in Agrobiodiversity from Sierra del Rosario 
Biosphere Reserve, Cuba
Bioversity International is a global research-for-development organization that puts 
plant and tree genetic diversity, which nourishes people and sustains the planet, at 
the heart of its work. Most plant genetic diversity is found in small-scale, traditional 
agricultural systems largely concentrated in developing countries of the global 
south, while the productivity and resilience of the world’s agriculture depends on a 
diverse mix of crop varieties, agricultural techniques, farming systems, and tradi-
tional and local knowledge. All these attributes can be found in SEPLS, where 
humans are described as a “keystone species,” as they are central to the health of the 
agroecosystems they have created, and many other species could not survive with-
out their continuous intervention. Bioversity International works with partners on 
the ground, and through different research projects has tested and used the indica-
tors of resilience in 11 different countries across different agroecosystems, from the 
highland potato and quinoa plots of Bolivia to the tropical agroforestry systems of 
Cuba and the rice paddies of China and the Philippines.
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The experience with the resilience indicators described here is from Sierra del 
Rosario Biosphere Reserve in the western part of Cuba. The landscape is home to 
high levels of agricultural and wild biodiversity and comprises a mosaic of second-
ary forest patches, home gardens, coffee agroforestry systems, and traditional conu-
cos—large gardens or small fields where agriculture is practiced in a traditional 
way. Cultivated plants in conucos came from nearly all regions of the world. Crops 
from the Central American and Mexican region are most important. The great diver-
sity of different crops as well as the marked variation within most of the cultivated 
plants demonstrates the importance of the conuco as a reservoir for plant genetic 
resources. Sierra del Rosario is recognized for its rich crop genetic resources of cof-
fee (Coffea arabica), maize (Zea mays), lima bean (Phaseolus lunatus), common 
bean (Phaseolus vulgaris), chili (Capsicum species), mango (Mangifera indica), 
plantains and bananas (Musa species), and tropical fruits like mamey (Pouteria 
sapota), cherimoya (Annona reticulata) and guanabana (Annona muricata). Most of 
the varieties found are traditional.
The application of the resilience indicators in Sierra del Rosario, together with 
agrobiodiversity and socioeconomic data and information deriving from long-term 
studies in the same area, highlighted that farmers perceived devastating hurricanes, 
changes in rainfall patterns, and droughts as the main natural threats to their resil-
ience. However, the landscape’s regenerative capacity appears to be relatively high. 
Thanks in part to interventions based on resilience assessment findings, vegetation 
patches that were ripped out by two consecutive hurricanes in 2008 showed signs of 
recovery after only 1 year. Likewise, farmers are adapting to increasingly unpredict-
able weather and drought by planting more perennial crop species and trees, and by 
adjusting and changing the timing of agricultural activities. Diversity in land use, 
crops and crop varieties, as well as smallholder innovation, alternative biodiversity- 
based livelihoods, and government support are all contributing to resilience to envi-
ronmental and social changes. The study also highlighted that more work and 
greater collaboration with the local government, the agricultural cooperatives, and 
the farmers’ association is envisaged to improve small-scale farmers’ benefits, and 
recognition of their contribution to the conservation and production of diverse food 
items with agroecological methods. Farmers would like to receive more training, by 
the farmers’ association, on new crop varieties and agricultural technologies to 
improve production, and they see the need for the state agricultural cooperatives to 
provide better access to specialized markets to add value to biosphere reserve prod-
ucts and agro-ecotourism development.
The assessments carried out by Bioversity International in different countries 
share some common lessons with the results from Cuba. Community members have 
come to recognize the usefulness of having, through use of the indicators, a holistic 
and multidisciplinary approach to their landscapes. Some workshop participants 
said that they were accustomed to research activities with a narrow focus, and that 
the resilience assessment was the first time they were involved in such a comprehen-
sive activity. Communities said they felt empowered by expressing their views and 
aspirations in developing plans for the future of their socio-ecological systems. The 
sense of ownership, responsibility, and motivation in implementing a plan for their 
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well-being and for their landscape protection was always high among the commu-
nity members. Communities also felt the need to deepen collaboration among them-
selves and with extension workers to share and exchange knowledge and experiences. 
Many of the case studies demonstrated that bringing disparate types of knowledge 
into conversation can lead to new ways of knowing. In these ways, Bioversity 
International’s experience shows that the indicators have contributed to the under-
standing and management of complex systems through the lens of worldviews and 
values of the local communities managing them.
6.3.4  Using the Indicators for Community Self-Diagnosis, 
Monitoring, and Evaluation in Japan
The indicators were used in surveys conducted as part of a UNU-IAS project to 
develop a framework and method of monitoring and evaluation for agricultural bio-
diversity conservation and use in rural villages in Japan, funded by the Ministry of 
Agriculture, Forestry and Fisheries of Japan. The purpose of the surveys was to 
capture factors for monitoring including drivers of change and perceived outcomes 
of conservation activities, whether included in the indicators or not, relevant to the 
development of monitoring and evaluation methods in Japan. For this purpose, resil-
ience assessment using the indicators was tested as a self-monitoring process for 
local people that would lead to the creation and revision of action plans. While the 
indicators had been used mostly in developing countries to date, these surveys were 
an opportunity to evaluate whether the indicators were also useful in the context of 
a developed country.
Two assessment workshops were conducted, in the Hiki community of Suzu 
City, Ishikawa Prefecture in February 2016, and in the Kiyokawa community of 
Minabe Town, Wakayama Prefecture in August 2016. Both case study sites were 
chosen as they are located within the Food and Agriculture Organization of the 
United Nations (FAO) designated Globally Important Agricultural Heritage Systems 
(GIAHS) sites of “Noto’s Satoyama and Satoumi” and “Minabe-Tanabe Ume 
System,” where communities are still utilizing local and traditional knowledge in 
managing SEPLS for their rural livelihoods today. Agriculture is an important 
industry for both communities. In the landscapes and seascapes adjacent to Hiki, 
people are engaged in different kinds of production activities including growing rice 
and vegetables, charcoal-making, and fisheries; while in the mountainous landscape 
of Kiyokawa, most are farmers engaged in production of plums (Prunus mume), 
citrus fruits, vegetables, and charcoal.
For each community, a pre-survey was first conducted by questionnaire with 100 
local residents prior to a half-day workshop with 15–20 selected participants held to 
discuss the questionnaire findings (see Table  6.1). This was done to shorten the 
indicator toolkit’s recommended duration of one to two full days for the workshop, 
as both communities felt that this would be too time-consuming for local residents. 
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For the pre-survey questionnaires, questions for each indicator were customized to 
fit the local context, so that respondents would understand what they were actually 
being asked. Factors and indicators relevant to the actual circumstances of Japan 
were then extracted from the questionnaire results and workshop discussions for 
development of the monitoring and evaluation method. Figure  6.1 summarizes 
results from the pre-survey questionnaires.
The results of both surveys show that the indicators are useful in providing a 
broad overview of biodiversity use and conservation status. They were also found to 
be useful in self-diagnosis to give an overall picture of strengths and weaknesses of 
the community. Evaluation of biodiversity related to natural resources and agricul-
ture (indicators 1, 2, 3, and 4) tended to be relatively high in both districts, while 
their evaluation of infrastructure and livelihood (indicators 16, 18, and 19) was 
lower. Participants understood the importance of evaluating not only ecological and 
environmental aspects related to conservation and use of biodiversity, but also 
socioeconomic impacts and how their lives and livelihoods were affected. The 
assessment captured a wide variety of problems existing in the region and local resi-
dents’ perceptions of them. Periodic self-diagnosis and self-assessment of this type 
can be an important monitoring process for local residents to understand changes in 
their environment and impacts of their activities.
It was also found that the assessment process stimulates conservation in  local 
communities. The workshops turned out to be valuable opportunities for people of 
different ages, genders, occupations, etc. to gather and discuss. Residents based 
their assessments on their own daily lives and work experiences, and exchanged 
views on these during the workshop. This kind of bottom-up, self-assessment 
method was found useful in: promoting conversation among different age groups 
and genders, where otherwise in daily life they would not speak directly or share 
their views; increasing awareness among residents and promoting participation in 
concrete activities; and helping to clarify roles that each person can and does play 
in community activities. Thus, the indicators and discussion of results from their 
implementation were found to be an effective initiating process to promote aware-
ness, establish common understanding, and facilitate planning of activities for 
resource management.
Table 6.1 Overview of the two surveys
Hiki community, Suzu City, Ishikawa 
Prefecture
Kiyokawa community, Minabe Town, 
Wakayama Prefecture
Pre- survey Date: January 2016
Dissemination: Hand delivery by (sub)
community chiefs
Collection: Hand delivery to (sub)
community chiefs and postal delivery
Response rate: 100 sent, 77% response
Date: August 2016
Dissemination: Hand delivery by 
(sub)community chiefs
Collection: Hand delivery to (sub)
community chiefs
Response rate: 100 sent, 97% 
response
Workshop Date: February 2016
Participants: 15 local residents 
(questionnaire respondents)
Date: October 2016
Participants: 19 local residents 
(questionnaire respondents)
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Besides the 20 indicators, factors and indicators relevant to circumstances in 
Japan were identified from the pre-survey questionnaires and workshop discussions 
(see Table 6.2). It was found that not only demographic issues in the population (for 
example, depopulation) and economic aspects related to biodiversity, but also spiri-
tual and cultural connections were regarded as important factors to motivate interest 
in conservation of nature. In particular, challenges to the resilience of the communi-
ties were mainly due to the lack of workforce, under-use and under-management of 
resources, and weakening affinity with nature.
For the purposes of the research to develop a monitoring and evaluation method 
for agricultural biodiversity conservation and utilization activities in rural villages 
in Japan, the surveys using the indicators proved to be useful for self-diagnosis of 
current status, strengths and weaknesses, and to capture other factors and challenges 
that need to be included for a more comprehensive assessment. In particular, this 
exercise was useful as a first step for conversation within the community and to 
inspire them to initiate their own activities. Adjustments made to the assessment 
process, such as conducting pre-survey questionnaires customized to the local con-
text, captured not only more responses in general but also some from those who 
were not available to commit to long hours of workshop participation. The results 
also showed that customization of questions was necessary and that additional indi-
cators specific to Japan could be added. With this adjustment, the indicators can be 
considered to be useful for other rural communities in Japan as well as for wider 
contexts and purposes.
6.3.5  Supporting Communities in Decision-Making Related 
to Restoration of Ecosystem Services in Tanzania
Comparative assessment workshops using the indicators were carried out to evalu-
ate community perceptions of diversity in their landscapes and the resources therein, 
and how these influence local perceptions of risks and resilience, in two villages, 
Yamba and Kwang’wenda, in Lushoto District, West Usambara, Tanzania in 
October 2015. These sites were selected because they were among the benchmark 
sites of CGIAR’s Research Program on Climate Change, Agriculture and Food 
Table 6.2 Factors and indicators relevant to circumstances in Japan
Factors Indicators
Usage of resources Abandoned cultivation areas on privately owned land, forest 
management, etc.
Depopulation and aging Population dynamics including population loss, number of 
migrants, new farmers, etc.
Absentee landowners Number of joint management groups, damage from wildlife, 
extermination, etc.
Spiritual affinity with 
biodiversity
Nature learning (experience, observation, therapy), arts and culture 
related to nature, etc.
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Security (CCAFS). A combination of different participatory tools was used, includ-
ing the indicators, as shown in Table 6.3. In each community, 20–25 participants 
gathered at a central location in the village for the workshop. Each workshop con-
cluded with an in-depth discussion of main problems, root causes and threats identi-
fied during the assessment, areas of higher vulnerability and land degradation, and 
potential solutions, interventions and development organizations.
The following priority actions were proposed in the two villages, aimed at 
improving the communities’ resilience and that of their landscape in the face of 
socio-ecological and climate changes:
• Restore the ecosystem
• Discourage encroachment on forests, springs, and wetlands through the enforce-
ment of relevant government regulations and policies
• Educate and create awareness on the advantages of diverse foods and 
landscapes
• Document and preserve community knowledge
• Build capacity of local leaders to lead and groups to network/cooperate
• Support communities to acquire new technologies and innovate
• Diversify sources of income
Six broader themes were identified to categorize the indicators for the scoring 
exercise (see Table  6.4). Among these, one of the most outstanding differences 
between Yamba and Kwang’wenda villages is in the first theme, “Landscape/eco-
system diversity and health components.” Kwang’wenda village scored 2.7 (aver-
age score) in this section against 4.0 (high score) for Yamba village. This was 
explained by the fact that most forest patches in Kwang’wenda village have been 
cleared, reducing the tree cover and also the once-numerous springs to only one, 
causing a general scarcity of water. According to participants, temperatures have 
risen and rain patterns have been affected, partly attributable to general land degra-
dation and climate change. Crops such as coffee and bananas no longer do well in 
Kwang’wenda village as it is now too dry and warm for these crops. Yamba village, 
on the other hand, has suffered much less land degradation. The village has a forest 
next to it and much of the land still has good tree cover. However, there are reports 
of forest and spring encroachment by cultivators and illegal timber harvesting, 
which residents see as a real threat to the ecosystem. The expected future trend fol-
lows a similar pattern. Kwang’wenda participants felt that the situation would only 
improve slightly (average score 2.7) as the state of the ecosystem is bad and the rate 
of recovery is bound to be slow. In Yamba village, the future looks optimistic (aver-
age of 4.2).
The participatory tools used in this study, including landscape mapping, listing 
of landscape and agrobiodiversity components and main food sources, seasonal cal-
endars, and use of the indicators, also showed a similar association between land-
scape and species diversity on the one hand and people’s perceptions of resilience 
and risks on the other hand, meaning that people’s higher perceptions of landscape 
and species diversity associate with higher resilience and reduced risks.
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1 Obtain broad overview of the research 
area. Researchers familiarize with the 
people, environment, food markets, 
etc. Identification of focus group 
participants and recording of personal 
details such as name, gender, age, 
village, education, and main 
occupation.
Transect walk 1 day or 
more
Geilfus (2008)
Selection of participants and 
recording of personal details such as 
name, gender, age, village, education, 
and main occupation
Making useful plant inventory, 





2 Identification of plant specimens 
brought by participants
Participatory landscape and resource 
mapping. Understanding of natural 
and physical resources and 
distribution. Defining the landscape 













1–2 h Grum et al. 
(2008)
Prioritizing main sources of food and 
changes over time (past, present)
Historical changes 
of food and 
landscape
1–2 h Catley et al. 
(2008)
Historical changes of landscape in 
timelines
Four cells analysis 1–2 h Grum et al. 
(2008)
Distribution of the food crops. How 
much are used and by how many 
people. Availability of food crops and 
species in different seasons
Seasonal calendar 1–2 h IFAD (2002), 
Van de Gevel 
et al. (2014)
3 Major actors affecting decision- 
making in management




SEPLS indicator scoring evaluation. 
Understanding of general community 







In-depth discussions after indicator 
scoring, identifying major challenges, 






W. Dunbar et al.
111
Negative perceptions in both score and trend were observed for the themes 
“Documentation of biodiversity and related local knowledge” (indicators 9 and 10) 
and “Landscape resource governance and cooperation” (indicators 13 and 14) in 
both villages. Interventions by institutions, awareness, and institutional collabora-
tion (indicators 13 and 14) were observed to have a great influence on perceived 
trends and optimism that there will be better resource management in the future. 
Knowledge documentation, gender, and social equity have the least influence cur-
rently and also in the future, as shown by “Documentation of biodiversity and 
related local knowledge.” Knowledge documentation was considered by the com-
munity as inconsequential for their livelihoods and resilience, but some participants 
pointed out that local knowledge was still being passed from parents to their chil-
dren by traditional means such as storytelling and physical interactions. Gender 
issues and social equity were generally ranked high, with the future remaining 
bright. Most men felt there was equitable sharing and equal rights with respect to 
resource access and sharing, and that women’s knowledge was respected, but 
women saw room for improvement.
Differences between Yamba and Kwang’wenda villages in their perceptions of 
landscape resilience and levels of optimism were clear. Yamba has a greater land-
scape diversity, higher level of food diversity, and higher perceived resilience and 
optimism than Kwang’wenda, as it is close to forests, rivers, and springs; and hence 
more agroecological zones, habitats, and niches that support species diversity. 
Yamba also has a greater choice of resources, better infrastructure, and more income 
opportunities. Community members, however, highlighted encroachment on forests 
and springs, poor leadership, lack of enforcement of environmental protection laws, 
and lack of locally coordinated collective actions to manage these resources. 
Kwang’wenda, on the other hand, is located on a hilly landscape with many steep- 
sided hills. Farming is done on the hilltops, on the slopes, and in the valleys. There 
is a perception of serious risks related to soil erosion and poor productivity, and a 
Table 6.4 Mean values of current status and trend scores
Theme
Yamba (mean value 
of current status/
trend)
Kwang’wenda (mean value 
of current status/trend)
1. Landscape/ecosystem diversity and health 
(Indicator 1–4)
4.0/4.2 2.7/2.7
2. Biodiversity including agricultural 
biodiversity (Indicator 5–8)
3.6/4.1 3.2/4.0
3. Documentation of biodiversity and related 
local knowledge (Indicator 9, 10)
2.3/2.2 2.6/2.2
4. Landscape resource governance and 
cooperation (Indicator 13, 14)
1.7/3.9 1.9/4.0
5. Gender knowledge recognition and social 
equity (Indicator 11, 12 and 15, 16)
4.1/4.2 4.1/4.6
6. Socioeconomic infrastructure, health, and 
opportunities for income generation 
(Indicator 17–20)
4.0/3.9 3.3/3.7
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need for conservation agriculture due to generalized deforestation depleting their 
natural resources. Needs for good leadership, collective action, networking, and 
institutions working together toward common goals were strongly indicated.
The combination of participatory assessment tools and processes used for this 
study highlighted people’s perceptions of resilience, its major determinants, and 
available options for improvement. Establishing an innovative and community- 
based multi-level coordinating body or committee is a key element for adoption of 
solutions proposed by participants. The collective information identified through a 
combination of different participatory tools in Table 6.3 can be used as an extension 
guide to: facilitate the community to network with different stakeholders to discuss 
and share knowledge; facilitate training on how to raise funds and write proposals 
to support their initiatives; facilitate training workshops and seminars for govern-
ment officials; and mobilize support for improvement of social infrastructure 
including roads, health facilities, irrigation systems, wells, or boreholes. It can also 
contribute to building a multi-lateral strategy for restoration of degraded ecosys-
tems, as well as to monitor effectiveness of interventions.
6.4  Discussion
The diversity—in terms of type, approach, purpose, geography, and others—among 
the examples presented here is an indication of the difficulties involved in assessing 
resilience, as resilience itself is expressed in widely varying ways by communities 
in different socio-ecological contexts. There are a multitude of factors—ecological, 
economic, well-being, or governance-related—and challenges in knowledge trans-
fer and management of resources and ecosystems that can affect resilience posi-
tively or negatively in different production landscapes and seascapes. Due to the 
sector-based approach taken in most project and intervention planning, people have 
tended to consider these factors separately, although on the ground they are part of 
a system with complex, interconnected cause–effect relationships. The value of an 
indicators approach like the one described in this chapter is its ability to simultane-
ously unravel components of SEPLS into factors that can be realistically assessed, 
while not losing sight of the fact that they make up an interconnected system. This 
thereby encourages just and sustainable use and management of resources, better 
planning of livelihood activities, and cooperative partnership building among vari-
ous stakeholders.
Nearly 10 years of experience with developing, testing, and implementing the 
indicators of resilience in SEPLS has produced a great deal of knowledge on this 
kind of indicators approach. Among the major benefits found in using the indicators 
in all of these cases is their value in organizing local peoples’ perceptions by help-
ing stakeholders to understand and identify elements of socio-ecological resilience, 
challenges to resilience, and potential strategies to reach and sustain ecological 
integrity and human well-being. With this base of improved understanding, the indi-
cators can then serve as a tool for monitoring achievements and progress toward 
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improved resilience, as seen in the experience of the COMDEKS program. At the 
same time, use of the indicators can help communities identify gaps in their under-
standing of system complexity and dynamics, and thereby identify opportunities to 
leverage synergies, as seen in the Cuban case and others.
A unique aspect of this particular indicators approach is that its inclusion of tem-
poral trends and timelines has helped communities’ understanding of historical 
resource-use and management practices and consumption effects. Likewise, the 
inclusion of community-based mapping exercises into resilience assessment work-
shops has identified resource-use patterns and drivers of change that affect the cur-
rent situation as well as positive or negative effects of potential interventions. The 
resulting more comprehensive understanding of socio-ecological interactions in the 
landscape or seascape over time has promoted greater appreciation for and commit-
ment to revitalization of traditional and local knowledge and practices, and conse-
quently empowerment of local communities, for example in the cases from the 
“GEF-Satoyama Project.” This empowerment extended to groups within the land-
scape or seascape by incorporating perspectives, knowledge systems, and world-
views of vulnerable and under-served segments of the community, encouraging 
planning by internal stakeholders with high transformational potential, as in the 
case from Japan and those from Bioversity International.
Possibly the most prominent benefit found in these experiences using the indica-
tors is their value as a convening tool, bringing together multiple stakeholders in a 
landscape or seascape. Using the toolkit has helped with stakeholder engagement by 
bringing together groups that did not previously communicate much in the land-
scapes and seascapes presented here, allowing them to work together toward build-
ing shared understanding and goals between local communities, governments, and 
other stakeholders to promote participatory management. This includes a more 
comprehensive understanding of trade-offs between different priorities of different 
actors and actions, and the types of conflicts that can arise, allowing more informed 
efforts to overcome undesirable outcomes from governance and management 
actions, as in the case from Colombia.
Overall, this indicators approach has been found to be a good tool for the pur-
poses above, and others including its value in contributing to scientific research, as 
seen in the case from Tanzania, and to encourage conservation, as in the Japan case, 
by helping local people to understand the links between ecosystem services and 
their own livelihoods. That said, some points for further consideration when using 
the indicators were identified in these cases. For example, some found that the indi-
cators may be more effective if they are adapted for local contexts by adding or 
modifying some indicators as appropriate, or combined with other tools as in the 
Tanzanian case. This is one result of the indicators’ use of a community-based 
approach, which, as indicated above, allows for and also requires a variety of eco-
logical, socioeconomic, and other factors to be considered in an integrated approach 
to assess resilience at the community level (Antwi et al. 2014).
Most importantly, users stressed that, due to their subjective nature and widely 
varying socio-ecological circumstances, these indicators cannot be used for com-
parison of different landscapes and seascapes, as they rely on community members’ 
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individual perceptions rather than third-party evaluation. This locally specific nature 
of the assessment process was seen as a strength as well as a disadvantage by users, 
due to the fact that the factors contributing to resilience themselves have been found 
to be highly context-specific (Saito et al. 2018) and therefore are difficult to assess 
using common indicators that may not be relevant to local circumstances. In other 
words, a locally specific integrated assessment model can help understand resilience 
better, but only at the expense of generalizability across different communities. 
While the indicators cannot provide comparison between geographical areas, they 
can be used to capture changes within a community over time through repeated 
assessment, particularly if the same group of participants can do the assessments. 
This can be valuable for adaptive management of the landscape or seascape, as 
highlighted in Sect. 6.3.1 above.
Work already done with the indicators as described above has indicated some 
directions for future work. For one, this approach’s potential role in monitoring and 
evaluation of project results was identified as an area that has not yet been suffi-
ciently explored, and where there seems to be some future potential. Another is 
further investigation of the use of the indicators in developing- versus developed- 
country contexts. To date, the assessments included in this chapter from Japan are 
the only ones that were done in countries classified as developed countries. Finally, 
users stress that there is further work to do in scaling-up the indicators and assess-
ment activities to capture the implications of local-level resilience for larger gover-
nance and ecological scales. If this avenue is pursued, “Indicators of Resilience in 
Socio-ecological Production Landscapes and Seascapes” could have further poten-
tial relevance for national and international conservation and development targets, 
such as the Aichi Biodiversity Targets of the Convention on Biological Diversity’s 
Strategic Plan for Biodiversity 2011–2020, and the United Nations’ Sustainable 
Development Goals.
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Chapter 7
Place-Based Solutions for Conservation 
and Restoration of Social-Ecological 
Production Landscapes and Seascapes 
in Asia
Raffaela Kozar, Elson Galang, Jyoti Sedhain, Alvie Alip, 
Suneetha M Subramanian, and Osamu Saito
Abstract The relevance of traditional land-use systems in Asia is under threat from 
externally influenced drivers such as the use of modern agricultural technologies, 
urbanization, rapid industrialization, overexploitation, and underutilization. The 
impacts of these changes in land use are contributing to a loss of biodiversity and 
ecosystem services (BES) in social-ecological production landscapes and seascapes 
(SEPLS). Societal actors operating from multiple scales create and implement 
place-based solutions in SEPLS in response to landscape-specific challenges and 
opportunities for achieving biodiversity conservation and sustainable development. 
This study aims to identify and demonstrate the abundance of place-based solutions 
for solving challenges to sustainable use and management of natural resources in 
SEPLS, and to better inform the existing suite of conservation and restoration solu-
tions. We review a set of 88 case studies from The International Partnership for the 
Satoyama Initiative (IPSI) in the South, East and Southeast Asian regions using a 
societal-based solution scanning approach to systematically identify these solutions 
for conservation and restoration at local scales and to categorize them by solution 
type. Societal actors demonstrate preferences for solution types to reversing the loss 
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of BES in SEPLS while embracing a mix of all solution types across ecosystems. 
Institutional and governance solutions are the most common type across Asia. 
Technological solutions are preferred in East Asia, while knowledge and cognitive 
solutions are preferred in Southeast Asia. Economic and incentive-based solutions 
are found most often in South Asia as livelihood investments for local residents, and 
to balance trade-offs among food production and biodiversity conservation. Sharing 
the knowledge of various place-based solution types in different social-ecological 
contexts helps improve more purposeful and deliberate design of SEPLS for multi-
ple benefits.
Keywords Place-based · Solution scanning · Biodiversity conservation · SEPLS · 
Sustainable development
7.1  Introduction
7.1.1  An Accelerating Loss of Biodiversity and Ecosystem 
Services in Asia
Communities across Asia are facing unprecedented threats to traditional natural 
resource-based livelihoods in managed agricultural landscapes (van Oudenhoven 
et al. 2010). The loss of biodiversity and ecosystem services (BES) from land-use 
change is affecting the systems communities have relied on for the sustainable use 
and management of resources that provide for their livelihoods. This changing rel-
evance of traditional land-use systems in Asia is driven by a number of externally 
influenced drivers such as the use of modern agricultural technologies, urbaniza-
tion, rapid industrialization, overexploitation and underutilization. We introduce 
some of the ways each of these drivers have upset the balance of resource use in turn.
First, the use of modern agricultural technologies has changed the balance of 
species in some ecosystems (Kumar and Takeuchi 2009; Plieninger et  al. 2014; 
Akça et al. 2015; Katayama et al. 2015; Aadrean 2017). In Taiwan’s Shungxi River 
Valley for instance, farmers’ use of chemical fertilizers and pesticides has put great 
pressure on local aquatic species and other freshwater-based ecosystem services 
(Yun-Ju et al. 2015). Increasing urban sprawl and changing consumer demands are 
driving shifts in ecosystem composition, the loss of agrobiodiversity, and the ser-
vices provided to humans across communities in the region (Kumar and Takeuchi 
2009; Knight 2010; Kohsaka et al. 2013; Plieninger et al. 2014; Sakurai et al. 2016; 
Yu et al. 2016). In Pakistan’s Jhelum River Basin, urbanization has been credited 
with the reduction of wildlife species, shifts of indigenous plant species to non- 
native species, and increased contamination of the river (Khan et al. 2017).
Industrialization in South Korea was key to the country’s economic growth in the 
1960s, but came in part at the expense of the country’s traditional rural agricultural 
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production landscapes known as “maeuls” (UNU-IAS 2012a). Rapid industrializa-
tion is now a factor in the loss of rural production landscapes and the diversity of 
crops grown within them in multiple countries across Asia (Knight 2010; Shimada 
2015; Tomita et al. 2015). Overexploitation of resources from increasing population 
pressures and multiple demands by actors at different levels, together with poverty 
and the exacerbating effects of climate change, is a continuing threat to BES in 
traditional land-use systems (Shimada 2015; Takeuchi et al. 2016). In Cambodia’s 
Chumkiri District, anarchical forest exploitation by both insiders and outsiders has 
turned the area’s semi-jungle forest into a degraded forest, significantly impacting 
the local people who have long been dependent on various forest-based ecosystem 
services (Marady et al. 2011).
Finally, underutilization is a relatively unique phenomenon to countries where 
populations are decreasing or aging and driving the loss of BES through the trans-
formation of abandoned lands to new ecosystems (Putra and Nakamura 2009; 
Kieninger et al. 2011; Morimoto 2011; Tsuchiya et al. 2013; Plieninger et al. 2014; 
Queroiz et al. 2014; Katayama et al. 2015; Shimada 2015; Li and Li 2016; Osawa 
et al. 2016; Takeuchi et al. 2016). For instance, in Japan’s Toyooka City, underuti-
lization in the form of abandonment of farmlands served as a major factor in the 
disappearance of oriental white storks, an important fauna in maintaining the area’s 
wetland ecosystem (Toyooka City 2012).
A recent regional assessment of the status of BES in Asia and the Pacific found 
that the interaction of these factors and others are accelerating the rate of loss of 
BES across Asia in ways that are threatening livelihoods and food security, but 
found that management choices can alter this trajectory (IPBES 2018).
7.1.2  Community-Based Sustainable Use and Management 
of Resources
Communities have practiced varying sustainable resource management approaches 
in places where multiple ecosystem services for human well-being are derived from 
patchwork land uses and ecosystems in mosaics with human settlements, known as 
social-ecological production landscapes or seascapes (SEPLS) (Bélair et al. 2010; 
Hashimoto et al. 2015). One such approach to managing SEPLS for multiple bene-
fits is embodied in the Japanese concept of “Satoyama,” or the balance of society 
and nature in harmony. Many experiences with the Satoyama tradition of sustain-
able use and the conservation of SEPLS have been documented (See for instance the 
volumes of: Subramanian et  al. 2015, 2016, 2017, 2018; Okayasu and 
Matsumoto 2013).
However, the traditional Satoyama approach, which customarily provided mul-
tiple ecosystem services and benefits to humans, no longer suffices in practice to 
deliver the same level, mix or synergies among ecosystem services due to the exter-
nally influenced drivers of an accelerating loss of BES that are changing the patterns 
7 Place-Based Solutions for Conservation and Restoration of Social-Ecological…
120
and feedbacks among land use and users at different scales (Takeuchi et al. 2016). 
In the examples in the preceding section, not only did a loss of BES impact people’s 
livelihoods and well-being, but re-shaped the overall dynamics of diverse and com-
plex social-ecological systems in communities across Asia. Impacts of a loss of 
BES on water availability and quality, crop productivity, health, nutrition, and food 
security are causing SEPLS to no longer serve as reliable sources of income and 
support for the well-being of local residents.
7.1.3  The New Challenges to Sustainable Use 
and Management of SEPLS
The drivers of a loss of BES and their interactions are complex and span multiple 
scales. They also introduce new demands on the ecosystems in the landscape, while 
the stakeholders making such demands are increasingly located at multiple social- 
ecological scales. Therefore, local residents together with other societal actors span-
ning social-ecological scales and seeking to address the same challenge need to 
work together on the solutions. In the rest of this chapter, we use the term “place- 
based” solutions to refer to these solutions that are developed for use in a particular 
SEPLS by societal actors at different social-ecological scales, and that have a wide 
range of values shaping their preferences for selection of solutions.
Addressing this challenge of an accelerating loss of BES and revitalizing SEPLS 
in ways that will balance society and nature in harmony requires sustainable use and 
management approaches that function across multiple scales and that take into 
account the feedbacks in social-ecological systems (Takeuchi et al. 2016). Therefore, 
increasingly, approaches to sustainable use and management of SEPLS need to 
address the multiple externally influenced drivers that are challenging traditional 
land-use patterns, and also account for the wider range of values from different 
users from multiple scales, while still meeting the livelihood and well-being of local 
populations (Gu and Subramanian 2014; Havas et al. 2016; Duraiappah et al. 2014; 
IPBES 2015; Bohnet and Beilin 2015).
The 2018 IPBES regional assessment for BES in Asia finds that the types of 
management approaches that can best help address the links among drivers that are 
accelerating a loss of BES are those that are based on community approaches to 
sustainable use and management and that link multiple stakeholders and levels 
through collaborative decision-making processes (IPBES 2018). These types of 
approaches put communities at the center of defining the priority values of land use 
and decision-making in the landscape while linking the management functions and 
jurisdictions over resource governance across scales. These approaches include 
various forms of a landscape-scale approach to integrated management of the ben-
efits from BES in SEPLS. Not only should these management approaches address 
ecosystem services today, but also the needed ecosystem services in the future for 
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resilient ecosystem function and services across scales (IPBES 2015; Oliver 
et al. 2015).
New sustainable use and management approaches require a ready suite of imple-
mentable solutions for the revitalization and conservation and restoration of BES in 
SEPLS that can account for these changing dynamics and future needs, while work-
ing across multiple actors and scales. In addition, the synergies and trade-offs 
among conservation and restoration solutions across the mosaic ecosystem charac-
ter and multiple scales of SEPLS have to outreach the expected impacts of climate 
change, which are likely to impede progress in development goals in South and 
Southeast Asia and exacerbate biodiversity loss in the hotspots of Asia if manage-
ment aims that can meet these criteria are not met (Springmann et al. 2016).
Devising new sustainable use and management approaches that communities can 
embrace and implement requires understanding how collaboration can deliver mul-
tiple solutions that can balance multiple functions in SEPLS and that benefit mul-
tiple stakeholders (Cockburn et al. 2018; Freeman et al. 2015). The next section 
looks at how readily deployable conservation and restoration solutions are to meet 
the challenges to sustainable use and management of SEPLS.
7.1.4  Conservation and Restoration Solutions for SEPLS
Conservation and restoration solutions in SEPLS redress the loss of BES from land- 
use change. Extensive work has been done to catalog these conservation solutions 
based on expert knowledge (Sutherland et al. 2017; see for instance Dicks et al. 
2016). Yet the wealth of solutions held by societal actors have not been given the 
same weight as expert opinion in the scientific evidence base for effective solutions. 
To meet the most pressing sustainability challenges in biodiversity and climate, sci-
ence and evidence-based solutions are not enough.
Societal actors are those that form in response to a given challenge at a given 
point in time or over a period of time to provide solutions. Communities across Asia 
are working together with other  societal actors from across scales to implement 
place-based solutions in response to the challenges and opportunities for achieving 
biodiversity conservation and sustainable development in SEPLS. A better under-
standing of these place-based solutions and how they can be selected and utilized 
for sustainable use and management can help expand the current state of knowledge 
of conservation and restoration solutions with the best available knowledge reflect-
ing multiple values (Jacobs et al. 2016). Integrating multiple knowledges enriches 
solutions and leads to the potential for place-based solutions not previously under 
consideration or those that reflect the dynamics of changing landscapes, while 
increasing acceptability among societal actors with different values.
This study aims to identify and demonstrate the abundance of place-based solu-
tions for solving challenges to sustainable use and management of natural resources 
in SEPLS, and to better inform the existing suite of conservation and restoration 
solutions in the scientific literature with the experiences of societal actors.
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The rest of this chapter is organized as follows. Section 7.2 describes the meth-
odology for a societal-based approach to systematically identifying solutions. The 
third section describes the experiences of local residents in navigating solutions 
with other  societal actors at different scales and across ecosystems. Section 7.4 
explores the socio-environmental contexts of different solutions and discusses their 
implications for informing sustainable use and management approaches. The final 
section draws some conclusions and suggests areas that need further attention in 
advancing conservation and restoration solutions that deliver sustainable use and 
management of SEPLS in the context of pressing sustainability challenges in biodi-
versity and climate.
7.2  Methodology
7.2.1  A Societal-Based Approach to Solution Scanning
Solution scanning is a systematic process of making an  inventory of all possible 
responses to a problem prior to weighing the  feasibility and merit of each solu-
tion for use in a particular setting (Sutherland et al. 2014). It’s been used in environ-
mental and sustainability research literatures to identify solutions for maintaining 
ecosystem services (Sutherland et al. 2014), agroforestry-based solutions for cli-
mate mitigation and adaptation (Hernández-Morcillo et al. 2018) and to scan for 
existing food network models as a solution type in cultural landscapes in Europe 
and Asia (Plieninger et al. 2018). The three-part cycle starts with problem identifica-
tion (horizon scan), then secondly the solution scan, and third the filtering process, 
which is how solutions can be weighed and selected for their effectiveness in a 
particular context (Sutherland et al. 2014).
In a recent review of multi-level networks and sustainability solutions, we pro-
posed a societal-based solution scanning approach (Kozar et  al. 2019). 
Transdisciplinary methods that engage multiple types of knowledge, when used 
with a sustainability science framework focused on societally relevant problems, 
can help address the questions related to which solutions for a loss of BES can be 
most effective in managing SEPLS (Pascual et al. 2017). These solutions should be 
selected for paths that preserve the multiple benefits and ecosystem services borne 
by traditional management systems, while considering current and future needs 
through multiple stakeholder values at multiple levels and across the mosaic ecosys-
tem character of SEPLS.
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7.2.2  Methods
This chapter presents place-based solutions for conservation and restoration of 
SEPLS in the Asian region. These are presented: (1) in different sub-regions of Asia 
at the local scale, (2) by ecosystem, and (3) by how they are connected to other 
scales through multi-level governance by coalitions of societal actors. We drew 
upon the experiences of the International Partnership for the Satoyama Initiative 
(IPSI) in identifying and implementing solutions.1 IPSI seeks to conserve and revi-
talize SEPLS through rejuvenation of the Satoyama approach in social-ecological 
systems that face current environmental challenges from land-use changes. IPSI 
does this while sustainably supporting the livelihoods and well-being of local com-
munities through revitalized, adaptive and innovative production and management 
systems that are evolved from cultural practices and indigenous and community 
knowledge (Gu and Subramanian 2014; Takeuchi et al. 2016; Berglund et al. 2014).
IPSI is a coalition of societal actors that have agreed to share knowledge and col-
laborate to improve the management of SEPLS in response to evolving threats, 
including the loss of BES caused by the interactions of a multitude of externally 
influenced drivers. In Step 1, the horizon scan, the problem we chose to focus on is 
the one identified by the societal actors of the IPSI network, which is a loss of bio-
diversity and ecosystem services. The network has aimed to share place-based solu-
tions to this problem over the past decade.
For step 2, the solution scan, we selected case studies from all publicly available 
IPSI member cases up to March of 2018. Cases are from 2009 to 2017 and from 
four primary sources: (1) an online case study database hosted by IPSI (UNU-IAS 
2018); (2) a publication by the Satoyama Initiative on Asian production landscapes 
(UNU-IAS 2012b); (3) publications from the Communities in Action for Landscape 
Resilience and Sustainability—The COMDEKS program, produced through a col-
laborative activity of IPSI (UNDP 2014a, 2016); and (4) the flagship series of the 
Satoyama Initiative, its annual thematic review (Subramanian et  al. 2015, 
2016, 2017).
We used a set of categorical variables collected in a Microsoft Excel based data 
instrument. Data collection instruments were created and refined through consulta-
tions and pre-testing. A data definition and collection guide was developed to inform 
the data collection process, and included variables and their range of values, defini-
tion, and collection instructions. Quality assurance was controlled through three 
rounds of pre-testing the data collection sheet by the research team made up of the 
authors, whereby after each round the range of values and definitions were revised 
by the shared understanding among team members. Another quality assurance mea-
1 The International Satoyama Initiative (ISI) was jointly initiated by the Ministry of the Environment 
of Japan (MOEJ) and the United Nations University Institute for the Advanced Study of 
Sustainability (UNU-IAS). On 19 October 2010, during the tenth meeting of the Conference of the 
Parties to the Convention on Biological Diversity (CBD COP 10), the International Partnership for 
the Satoyama Initiative (IPSI) was established to promote the activities identified by ISI and to 
share relevant information and experiences.
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sure included the use of a pre-defined set of values for many of the variables in the 
data collection sheet to reduce error in data entry, and the aforementioned guide to 
definitions and response types for the remaining open entry cells. Finally, after data 
entry, responses were standardized with consistent terms, and various consistency 
checks performed.
Types of data collected included case study information (publication year, loca-
tion, scale, institutional author); socioeconomic and biophysical information (sec-
tors, stakeholders, institutions, livelihoods, threats, ecosystems, and ecosystem 
products); program information (goals, institutional and legal environment, out-
comes, knowledge mechanisms); and solutions (solution, solution type). We defined 
a solution as any activity, intervention, innovation, practice, strategy, or policy that 
has been proposed or applied in the case study area to address the given problem.
Data for 91 cases was recorded. A minimum criteria was set for each case study 
to include at least one solution and at least one value for all data categories in the 
socioeconomic and biophysical section. One case was excluded that did not meet 
the minimum criteria. A data cleaning protocol was applied to the remaining 90 
cases. During the data cleaning, data from case studies in the same location and with 
the same institutional author were merged in 2 cases, resulting in a total of 88 cases. 
The final number of case studies and their geographical locations are shown in 
Table 7.1. A total of 23 cases are located in South Asia, 29 cases in Southeast Asia, 
and 36 cases in East Asia, representing 18 countries in these regions. Fifty-two 
local-scale cases were identified by reviewing these 88 case studies, and those coun-
tries with local-scale cases are indicated in bold script in Table 7.1.
For step 3, the filtering process for selection of solutions to apply in a particular 
context, we did not discuss or evaluate solutions based on their effectiveness for a 
particular place. Rather, we applied a framework to filter the solutions by solution 
type (adapted from the Millennium Ecosystem Assessment 2005) in order to under-
stand which type of solutions societal actors might prioritize in different social- 
ecological contexts.
Table 7.1 Location and number of study cases from the International Partnership for the Satoyama 
Initiative (IPSI)
Southeast Asia South Asia East Asia
Cambodia (8) Bangladesh (1) China (15)
Indonesia (6) Bhutan (2) Japan (18)
Lao People’s Democratic Republic 
(1)
India (9) Mongolia (2)
Myanmar (1) Iran (1) South Korea (1)
Philippines (5) Nepal (7) Total 36
Vietnam (4) Pakistan (2)
Thailand (4) Sri Lanka (1)
Total 29 Total 23
Bold font indicates countries with local-scale case studies. Numbers in parenthesis indicate the 
number of case studies included in the total 88 cases of the review
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A workshop was held with the research team. Using a consensus process, the 
solutions were categorized and a further typology of 25 sub-categories was devel-
oped. Solutions for the 88 case studies were categorized according to the following 
5 categories: institutional and governance solutions; economic and incentive-based 
solutions; social, cultural, and behavioral solutions; knowledge and cognitive solu-
tions; and technological solutions (Table 7.2).
The conventional step 3 filtering process of the solution scan method aims to 
determine which solution should be applied in a certain place and context based on 
some agreed expert criteria for effectiveness such as budget, feasibility, and time. In 
a societal-based solution scanning approach, which solutions to apply in a given 
SEPLS should be determined in a place-specific and transdisciplinary manner, 
including knowledge from societal actors on the preferred benefits and trade-offs in 
the process.
Ecosystems in the case studies were recorded according to the ten classification 
types of the Millennium Ecosystem Assessment (marine, coastal, inland water, for-
est, dryland, island, mountain, polar, cultivated, urban) (MA 2005). Up to four eco-
systems per case study were recorded to capture the mosaic characteristic of 
SEPLS.2 No cases were located in polar and marine ecosystems in the overall set of 
88 cases.
In this chapter, the results discussed present those solutions identified at local 
scales. These scales are at village, sub-municipality, and local government levels on 
social and administrative scales, and water bodies (river, lake) or watershed scales 
at ecological scales. They include both solutions already existing and implemented 
in the case study areas and those that are proposed as solutions to the given chal-
lenge. We examined a sub-set of 52 case studies to answer our question on sub- 
regional experiences, the societal actors engaged in navigating solutions and the 
ecosystems targeted through local-level solutions.
7.3  Experiences, Actors, and Ecosystems in Navigating 
Place-Based Solutions
Solutions at the local scale represent 283 solutions in 52 case studies, or 58% of the 
total 485 solutions identified in 88 case studies (Kozar et al. 2019). When compar-
ing the distribution in choice of solutions by solution type between the local scale 
and higher scales (other administrative or ecological scales such as national level or 
coastline), institutional and governance solution types are selected more often at 
higher scales, 34–26% (Table 7.3). Technological solutions are more often selected 
at local scales, 21–12%. Solution types are more evenly distributed at local scales, 
compared to higher scales where there is a 15% higher rate of selection for institu-
2 Analysis of findings per ecosystem in this chapter is in regard to the “first” or main ecosystem 
representing the case study area.
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Table 7.2 Categories and sub-categories of solutions
Solution type Description Sub-categories
Institutional and 
governance
Solutions that enhance benefits while conserving 
resources by addressing weak or insufficient 
institutional and management systems and with 
coordinated responses at multiple scales that 
consider regulation of ecosystem services in the 
long term




  • Integrated 
management approaches
  • Regulations, policies, 
or frameworks
  • Inclusion
  • Financing
  • Enabling conditions
Economic and 
incentive-based
Solutions that address market failures and 
misalignment through market-based approaches 
along with improved value-chains and consumer 
preferences
  • Taxes and user fees
  • Subsidies, payments, 
and rewards
  • Improved 
value-chains
  • Consumer 
preferences
  • Trade systems
  • Livelihood
  • Market access
Social, cultural, 
and behavioral
Solutions that reduce demand or consumption or 
address the lack of political and economic power 
of some groups who are particularly dependent 
on ecosystem services or harmed by their 
degradation through demand-side responses
  • Formal and 
nonformal education
  • Awareness creation
  • Cultural practices




Solutions that address insufficient knowledge or 
the poor use of existing knowledge concerning 
ecosystem services, address information gaps 
and incorporate other forms of knowledge and 
information
  • Knowledge 
integration
  • Knowledge gaps
  • Knowledge 
capacities
  • Knowledge systems
Technological Solutions that reduce the harmful impacts of 
various drivers of ecosystem change as well as 
underinvestment in the development and 
diffusion of technologies, or that could increase 
the efficiency of resource use or ecosystems
  • Agroecological 
practices
  • Ecological 
restoration or 
conservation practices
  • Energy technologies 
or investments
  • Green and resilient 
infrastructure
Adapted from MA (2005)
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tional and governance solutions (34%) relative to the rate of selection of the next 
most often selected solution type, social, cultural, and behavioral (19%). The distri-
bution among the 5 solution types at local scales compared with the overall distribu-
tion among 485 solutions does not show a demonstrable difference.
We now turn to look at how these solution types break down in experiences per 
sub-region, among societal actors, and in different ecosystems.
7.3.1  Sub-regional Experiences and Variation of Place-Based 
Solutions
Sub-regions demonstrate solution type preferences in different social-ecological 
contexts (Fig. 7.1). We performed a chi-square test to test the association between 
solution type and geographical location. The results are found in Table  7.4. We 
found a significant association for sub-region and the four solution types with the 
highest difference in proportion of solution type among sub-regions (institutional, 
technological, knowledge, and economic) for the local-scale solution set (n = 233; 
p = 0.035) and for the whole solution set (n = 396; p = 0.030). No significant asso-
ciation was found between geographical location and all five solution types includ-
ing the social, cultural, and behavioral solution type (n = 485; p = 0.055).
In the discussions below, a number of solution sub-types (for instance, ecological 
conservation under the  technological solution type) are included in the examples 
and discussion. In some cases, there are a small number of each of these individual 
solution sub-types in our sample, while there are many examples of such activities 
in the sub-regions.
Institutional and governance type solutions are the most common solution type 
across Asia. Institutional and governance type solutions show a similar pattern at the 
sub-regional level and are a significant proportion of solution types regardless of 
geography, making up at minimum one quarter of solutions in each sub-region 
(Fig. 7.1). Inclusion is the highest selected solution of institutional and governance 
Table 7.3 Solutions by type at local and other scales, and overall, by number and percent
Local (%)
Other administrative or  
ecological scale (%) Overall results (%)
Economic and 
incentive-based
57 (20) 36 (18) 93 (19)
Institutional and 
governance
74 (26) 68 (34) 142 (29)
Knowledge and cognitive 42 (15) 34 (17) 76 (16)
Social, cultural, and 
behavioral
50 (18) 39 (19) 89 (18)
Technological 60 (21) 25 (12) 85 (18)
Total 283 (100) 202 (100) 485 (100)
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solution sub-types at the local level in all three sub-regions (Fig. 7.2). These solu-
tions target an increase in the number of categories of actors that hold benefit rights 
or that are included in decision-making processes.
Social, cultural, and behavioral type solutions are represented in even propor-
tions across the region, with an average of 18% in each sub-region. South Asia has 
more than double the proportion of solutions for access to social services compared 
to Southeast Asia. Although the result is not significant with regard to an association 
between sub-region and social and behavioral solution types, we can expect a higher 
investment in basic social services such as access to water and development activi-
ties in SEPLS in South Asia where a number of the case study countries (India, 
Bhutan, Nepal) have high poverty rates.
Technological solutions are preferred in East Asia at a rate of 1.5 times over other 
sub-regions. In East Asia, technological solutions make up 26% of the proportion of 
solutions selected (Fig.  7.1a), while the figures are 17% in South and Southeast 
Asia, respectively (Fig. 7.1b, c). The preference for technological responses in East 
Asia is driven by a higher emphasis on incorporating agroecological practices such 
as sustainable agriculture in SEPLS management, as well as renewable energy 
investments that are double those of Southeast Asia and are nil in South Asia.
Fig. 7.1 Local-scale solutions by solution type and sub-region, in percent. (a) East Asia, (b) South 
Asia, (c) Southeast Asia
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Knowledge and cognitive type solutions are preferred in Southeast Asia at a rate 
of 2.5 times that of East Asia. In Southeast Asia, knowledge and cognitive type solu-
tions make up 23% of the proportion of solutions (Fig. 7.1c), compared with just 
14% in South Asia and 9% in East Asia (Fig. 7.1a, b). In Southeast Asia, local com-
munities in SEPLS invest more often in all sub-types of knowledge and cognitive 
type solutions at nearly double the rate of the other sub-regions. These include 
capacity building (knowledge capacities), monitoring and evaluation systems 
(knowledge systems), and bridging knowledge forms from communities and sci-
ence (knowledge integration). For instance in the Philippines, local ecological 
knowledge of ethnic groups is included in practical learning experiences in farmer 
field schools, and helps bridge local knowledge systems with new technical devel-
opments (Dang 2015). The exception is for assessments and research (knowledge 
gaps), which are selected in a slightly higher proportion in East Asia.
In South Asia, economic and incentive-based solutions are preferred more often 
than in Southeast Asia, 25% compared with 14%, respectively (Fig. 7.1b, c). While 
the proportion of economic-based solutions are similar in East Asia (23%) to South 
Asia, the distribution of solution sub-types is different among the two sub-regions. 
In South Asia, there is a clear preference for livelihood-based solutions that include 
both investments in existing livelihoods and the creation of new livelihood opportu-
Table 7.4 Summary of chi-square results for solution type and geographic location (East, South, 
and Southeast sub-regions)
Cases Solution types tested
Number of 
solutions




























aN of valid cases = 233. 0 cells (0.0%) have expected count less than 5. The minimum expected 
count is 8.65
bSignificant result
cN of valid cases = 396. 0 cells (0.0%) have expected count less than 5. The minimum expected 
count is 21.30
dN of valid cases = 485. 0 cells (0.0%) have expected count less than 5. The minimum expected 
count is 22.09
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nities. Livelihood solutions also represent the highest overall proportion of any 
solution sub-type.
There are a few instances of unique solutions in sub-regions. For instance, invest-
ments in improved value-chains are found only in East Asia at the local scale. One 
such case included the addition of a local bamboo processing industry in China 
(Yiping 2011). In several cases, one sub-region does not select solution types found 
in the other two sub-regions. Consumer preference schemes such as eco-labelling of 
environmentally-friendly rice in Taiwan (economic); cultural practices such as 
“muyong” in the Philippines that guide private forest land owners to act flexibly 
with regard to sustainable community resource management (social and cultural); 
regulations, policies, and frameworks such as community action plans at the local 
scale (institutional and governance); and renewable energy investments (techno-
logical) are not found in South Asia at the local scale (Fan et al. 2016; UNU-IAS 
2012c). Market access interventions such as the creation of new local businesses 
that create markets for locally grown produce in the revitalization of small towns in 
Fig. 7.2 Local-scale solutions per subcategory of solution type and per sub-region, in percent per 
solution type
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Japan are not found in Southeast Asia (Matsui et al. 2010). Access to basic social 
services such as clean drinking water (social and cultural) is not found in East Asia.
Taxes and user fees (economic) and financing (institutional and governance) do 
not appear as local-scale solutions but are found in the overall set of solutions, 
although such solutions are possible at the scale of local or village government.
7.3.2  Sub-regional Multi-stakeholder Coalitions 
for Conservation and Restoration Solutions in SEPLS
Across the IPSI network in Asia, there is strong evidence that communities are 
working with additional societal actors at multiple levels to achieve conservation 
and restoration solutions. In landscape coalitions, local communities and 
community- based organizations form the basis of multi-stakeholder coalitions. 
They represent just under one quarter of all actors and are engaged with a wide 
range of other stakeholders, in total 18 types of partners at different scales across 4 
broad stakeholder groups (public, nongovernmental, research, community) 
(Fig. 7.3). In each sub-region 16 to all 18 of these partner types are found, and they 
include all four broad stakeholder groups in each sub-region.
However, the types of stakeholders in partnership with communities in landscape 
coalitions do demonstrate different sub-regional compositions depending on socio- 
political contexts. In Southeast Asia for instance, coalitions are more heavily made 
up of public sector engagement from local or national sector ministries and indi-
vidual leaders at multiple scales. Such leaders are commonly an extension agent 
such as a District Forest Officer. Sectoral ministries are less engaged in solutions in 
SEPLS in South Asia in our sample.
The compositions of societal actors in coalitions in other sub-regions may reflect 
states of economic development. Local and national research institutions are 
engaged at double the rate in East Asia compared with the other two sub-regions, 
while foreign government engagement is not found at all, likely reflecting the more 
developed economies of Japan and China and more developed national research 
institutes and facilities. And while it’s more common to find mention of individual 
leaders that drove conservation and restoration solutions in SEPLS outside of East 
Asia, local governments are engaged at double the rate in East Asia than 
Southeast Asia.
In South Asia, engagement of intergovernmental organizations is more prevalent, 
often to provide technical support or capacity building for development project 
implementation in SEPLS. Similarly, in South Asia engagement of the nongovern-
mental sector in coalitions is strong. Local and international NGOs are found at 
about double the rate in South and East Asia than in Southeast Asia. Civil society 
institutions are also a strong development partner in South Asia. In addition, 
community- based institutions representing indigenous and ethnic groups are found 
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at triple the rate in South and Southeast Asia than in East Asia, and participate in 
development and natural resource management activities in SEPLS.
Private sector and international research institutions appear to invest in cooperat-
ing or engaging in multi-stakeholder management of SEPLS at about the same rate 
across the three sub-regions.
7.3.3  Mosaic Landscapes of Multiple Ecosystems
The relationships of solutions across spatial scales in the eight ecosystems are 
shown in Fig. 7.4. Solutions tend to be planned at social and administrative scales 
rather than ecological scales. When planning is done at ecological scales it tends not 
to be at the local scales, with the exception of inland water ecosystems. For instance 
Fig. 7.3 Types of stakeholders engaged in conservation and restoration solutions in SEPLS at the 
local scale, by sub-region, in percent of total
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in cultivated and forest ecosystems, solutions are only planned at local social and 
administrative scales and not at local ecological scales.
Solutions have the highest concentrations in cultivated and forest ecosystems. 
Although cultivated and forest ecosystems each make up roughly the same propor-
tion of overall ecosystems found in SEPLS across the 88 cases, at the local scales, 
solutions are targeted at a 32% greater rate in cultivated ecosystems than forest 
ecosystems. In forest ecosystems, institutional and governance solution types are 
selected at about twice the rate of knowledge solution types. Relative to cultivated 
ecosystems, there is a preference for social and cultural solution types in forest 
Fig. 7.4 Solutions per solution type, by social and ecological scales and ecosystem. Local social 
scales include village to district/municipality and ecological scales from river basin to watershed. 
(Source: Kozar et al. 2019 reprinted with permission from Elsevier)
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ecosystems, while relative to forest ecosystems, we find a preference for technological 
solution types in cultivated ecosystems.
Inland water ecosystems are the only one of the eight ecosystems found in IPSI 
member experiences where solutions are part of sustainable use and management 
schemes planned at local ecological scales including river basins, freshwater lakes, 
and watershed or catchment areas. In inland water ecosystems, knowledge solution 
types are not present in implementing sustainable use and management approaches 
at local ecological scales, and knowledge solutions make up the lowest proportion 
of solution types in inland water ecosystems even when including those planned at 
administrative scales. Knowledge solutions are selected at two to three times less 
often a rate than other solution types in inland water ecosystems.
Institutional and governance solution types were not found at local scales in 
mountain ecosystems, while they were found in island and coastal ecosystems at a 
local government scale at about two times the rate to all other solution types. None 
of the 52 cases at local scales were found in dryland or urban ecosystems. Solutions 
in coastal and island ecosystems were planned only at the district or municipality 
level at local scales.
7.4  Discussion
7.4.1  Selecting Place-Based Solutions for Different 
Social- Ecological Systems
Solution types, coalitions of societal actors, and targeted ecosystems and scales do 
show variances per sub-region and overall patterns in the experiences of IPSI mem-
bers in Asia (Figs. 7.1, 7.2, 7.3, and 7.4). We discuss some of the factors that may 
account for these differences in patterns by sub-region.
The preference for technological responses in East Asia, particularly for agro-
ecological solutions (Fig. 7.2), can be ascribed to the recognition of the impacts of 
modernized agriculture in countries such as Japan, Korea, Taiwan, and China. Japan 
and China have among some of highest rates of pesticide use worldwide,3 and the 
impacts of these practices on key species important for high-value crops triggered 
local communities to shift to more eco-friendly farming practices. In Taiwan, farm-
ers developed new production systems based on ecological practices (Chao 2018). 
In Japan and China, species such as the Oriental White Stork in the Hyogo Tajima 
region of Japan and the Crested Ibis in China inspired the adoption of agroecologi-
cal farming practices that would restore and create a habitat for these species to 
3 Japan, Taiwan, and China are in the highest bracket of countries worldwide, and Korea follows in 
the second highest country bracket, per tonnes of active ingredients of pesticides, averaged 1990–
2016. Both China and Japan are in the top ten countries. http://www.fao.org/faostat/en/#data/RP/
visualize (accessed January 29, 2019).
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cohabitate in cultivated ecosystems (Ichikawa 2012; Ohsako 2011). There is also a 
relatively higher engagement of national and local research institutes in East Asia 
that may support the research needed to develop localized technical solutions.
The higher selection of solutions such as learning processes or training programs 
(Figs.  7.1 and 7.2) demonstrates the preference for more knowledge-based 
approaches to achieving agroecological farming and forest harvesting in Southeast 
Asia, whereas we saw a more technical approach in East Asia to meet the same aim. 
Knowledge investments in Southeast Asia include: the practical learning and exper-
imental spaces provided by farmers’ field schools in Vietnam (Dang 2015); 
 participatory learning through field schools and experimentation (Setiawan and 
Khumairoh 2014), and action research, participatory monitoring and learning 
groups for agroforestry in Indonesia (Amaruzaman et  al. 2018); formation and 
strengthening of community management groups and their capacities to advocate 
for policy change in tandem with promotion of ecological farming and exchange of 
traditional seed varieties in the Philippines (MRDC and Tebtebba Foundation 2012); 
and participatory monitoring by community members in Cambodia (Costello and 
Vorsak 2011). In Southeast Asia, there are more government sectoral ministries 
engaged in knowledge- based solutions for sustainable use and management. This 
may help explain why we find a high number of government extension and learning 
programs for sustainable resource management at local scales.
The preference for livelihood-based solutions that also address food and nutri-
tion security as the largest proportion of economic and incentive-based solution 
types in South Asia (Figs. 7.1 and 7.2) is illustrated by: investments in new cash 
crops for income and food sufficiency in Nepal; investments in cooperative farming 
of fish and single cell algal protein, and proposals for integration of horticulture 
practices with indigenous fruit species in India; and proposals to diversify liveli-
hood options to reduce poverty in Bhutan (Pandit et al. 2016; ICIMOD 2017; Tekale 
et  al. 2012). The high preference for investments in livelihoods, access to social 
services, and organizational strengthening may reflect the more basic development 
needs of the region and the higher incidence of poverty. This focus on items such as 
access to water and capacity building of local institutions builds the foundation for 
the sustainable management of SEPLS. There is also a higher abundance of local 
NGOs and CBOs that may support small development activities to invest in liveli-
hoods and social services as well as civil society institutions that may be able to 
advocate for citizen needs. Box 7.1 illustrates a profile of multi-stakeholder gover-
nance of SEPLS in Nepal, typical of findings in South Asia, and discusses how the 
composition of societal-based coalitions and solution types interact at local scales.
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Box 7.1 Community Engagement in Navigating Solutions to the Loss of 
BES in SEPLS in Nepal
Nepal is a biodiversity-rich country with a multicultural population represent-
ing significant ethnic diversity. Nature is considered a complementary part of 
everyday life, and the majority of people’s livelihoods depend on natural 
resources in a rural economy based on subsistence agriculture. Communities 
are dependent on the forest for fuelwood, fodder, and timber, and inland fresh-
water resources for fishing, irrigation, and daily water consumption for drink-
ing, washing, and bathing. SEPLS in Nepal face social and ecological 
challenges such as low education levels, high use of chemical fertilizer, over-
harvesting, insufficient infrastructure and social services, and an increasing 
population density that has led to rising food insecurity challenges.
Nonetheless, local communities are contributing to the effective manage-
ment of local natural resources through their traditional knowledge and a vari-
ety of localized resource-based management systems such as the Federation 
of Community Forestry User groups, farmer to farmer and community-based 
cooperatives, community drinking water management groups, and community- 
based protected area management (Adhikari 2011; ILEC 2012; UNDP 2014b; 
Pandit et  al. 2016). They often do this through livelihood (economic) and 
inclusion (institutional) solution sub-types, which are found with the highest 
frequency in South Asia. Moreover, marginal and indigenous communities 
undertake entrepreneurial activities through sustainable use of the resources 
found in the surroundings in which they inhabit. For instance, their beliefs in 
maintaining an eternal relationship with nature are evident in their develop-
ment of sustainable solutions for improved local community livelihoods 
through strategies such as domestication of wild medicinal aromatic plant 
species (Pandit et al. 2016).
Similar to South Asia as a whole, in Nepal there is an abundance of local 
NGOs, civil society organizations such as Ward Citizen Forums, and 
community- based organizations including youth clubs, which are engaged in 
conservation and restoration activities. These organizations are also actively 
involved in realizing the significant role of the community in raising aware-
ness to address issues of biodiversity conservation and sustainable use of 
resources through trainings, workshops, exposure visits, posters and pam-
phlets, as well as for mobilization and strengthening of community groups 
(Adhikari 2011; ILEC 2012; UNDP 2014b; Pandit et al. 2016). In Nepal, as 
in South Asia, there is a strong presence of intergovernmental agencies 
engaged in project management, and that provide technical support for 
implementation.
Technical solutions such as ecological conservation and restoration are 
found most frequently in South Asia. In Nepal, forest area covers 40% of the 
total land area, and forest resources make a major contribution to addressing 
poverty and enhancing the resilience of local communities. Nepal has become 
(continued)
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Some specific solutions can be explained by the choices of international research 
institutions, international NGOs, and private sector actors to invest in programs that 
aim to meet global conservation and restoration aims and secure international value- 
chains by increasing benefit streams to local residents of SEPLS. The subsidies, 
payments, and rewards solutions in Southeast Asia may reflect such international 
investments in the intensive piloting and promotion of payment for ecosystems ser-
vices (PES) schemes in countries such as Indonesia, Cambodia, and the Philippines 
(see for instance Amaruzaman et al. 2018; Costello and Vorsak 2011).
7.4.2  Meeting the New Challenges for Sustainable Use 
and Management of SEPLS
IPSI’s experiences in revitalizing sustainable use and management of SEPLS do 
demonstrate strong efforts across Asia to find solutions through inclusion, which 
have in some cases strengthened multi-level governance of SEPLS.  Place-based 
solutions emphasize institutional and governance solution types as the most selected 
solution type, and especially solutions for inclusion, that aim to bring in more col-
laborative decision-making modes or more equitable benefit sharing of ecosystem 
services. For instance, inclusion of local people in defining rights to land use can 
lead to strengthening regulatory systems and institutions governing customary law, 
connecting local institutions with national forest policy (Shohibuddin and 
Aoyama 2009).
Moreover, because place-based solutions are already based in collaborative 
decision- making processes by coalitions of societal actors, these solutions add value 
to best available knowledge of conservation and restoration solutions and what 
works across multiple scales. Indeed, existing private sector engagement and 
a successful model of the community forestry management system, which is 
well known for promoting sustainable management and restoration of the for-
est. Improving forest-based livelihoods depends on community-based forest 
management. The system relies on community-based governance through 
beneficial linkages with concerned stakeholders such as the District Forest 
Office (DFO), the Federation of Community Forestry User Groups Nepal 
(FECOFUN), the Department of Forestry (DOF), national and village devel-
opment committees, and community groups of women, youth and coopera-
tives. These networks of stakeholders actively work together to provide 
capacity building to local communities to implement the management schemes 
(Adhikari 2011). Traditional knowledge is encouraged in meetings, planning, 
and decision-making processes from the community to the district level forum.
Box 7.1 (continued)
7 Place-Based Solutions for Conservation and Restoration of Social-Ecological…
138
engagement of international and local research institutions, while present across the 
region, can be enhanced by stakeholder coalitions that reach out to engage addi-
tional actors and continue to encourage inclusive approaches.
Research on governance modes to address the interlinked drivers of a loss of BES 
increasingly calls for governance by “imagination,” or to anticipate what will be 
needed in an uncertain future shaped by as yet undetermined impacts of climate 
change and biodiversity loss (Burch et al. 2019). These new states of sustainable use 
and management need to be resilient states that anticipate and imagine ecosystem 
service needs in the future as well as the present and that account for potential climate 
change impacts. In a recent review, Chiu et al. (2018) found that future resilience 
strategies would get the best return from those solutions that demonstrate co-benefits, 
or in the case of SEPLS, those that meet the revitalization, adaptation and innovative 
production and livelihood needs of local residents, while conserving and restoring 
landscapes for climate mitigation and biodiversity conservation benefits.
Societal actors demonstrate preferences for solution types to reversing the loss of 
BES in SEPLS while embracing all solution types across ecosystems. In current 
management practices in mosaic SEPLS, stakeholders rely on different tool-kits for 
managing BES on a local scale to achieve the same international targets such as the 
Aichi Biodiversity Targets or Sustainable Development Goals depending on the 
social-ecological system, stakeholder coalitions, and social-cultural context. This 
suggests that sustainable use and management to conserve and restore BES on mul-
tiple scales can be achieved through varying management strategies.
Experiences in the IPSI network also demonstrate that investments in a spectrum 
of solution types including cognitive, economic, social and cultural, and technological 
are needed to meet the challenges of new and effective sustainable use and manage-
ment approaches. The type of conservation and restoration solutions appropriate in 
different social-ecological contexts may depend on the composition of stakeholder 
coalitions, planning systems at social and ecological scales, and the mosaic ecosys-
tem character of SEPLS.
We found overall that institutional and governance solution types are the most 
frequent at local scales and at all scales combined. This is a good start to developing 
the coordinated responses at multiple scales that can consider the continuing adap-
tation and management of ecosystem services in the future (MA 2005), and this can 
be achieved with the harmonization of solutions in institutions and governance 
together with solutions in all solution types. Mixes of different solution types with 
the intention to achieve synergies among biodiversity and production benefits can 
help address the feedbacks across scales, and among land uses and users, in com-
plex social-ecological systems such as SEPLS.
Further, many of the technological solutions in IPSI member experiences have 
the potential for multiple benefits, such as renewable energy technologies or eco-
logical farming practices. If these are intentionally combined for better environmen-
tal decision-making with knowledge-based solutions, and with institutional and 
social solutions that can provide supportive policy, management strategies and edu-
cation and awareness, this will help ensure the realization of these co-benefits in 
future sustainable use and management of SEPLS.
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7.4.3  Place-Based Solutions for Sustainable Use 
and Management of Production Landscapes 
and Seascapes
Understanding which place-based solution types are preferred in different social- 
ecological contexts helps improve more purposeful design of SEPLS for multiple 
benefits, particularly in considering where optimal ecosystem services are not pres-
ent and where different solution types might increase synergies or reduce trade-offs 
among land-use choices. Social-cultural approaches are more popular in sustainable 
use and management of common resources such as forest, while more technical 
approaches are preferred in management of cultivated lands, which may be more 
tied to individual farmers’ decisions. New sustainable use and management 
approaches can utilize existing stakeholder preferences exemplified in place-based 
solutions, but also examine how widening values of multiple stakeholders and coor-
dinated responses might create benefits from inclusion of a different solution type 
or efforts at a different scale.
For instance, greater engagement of national research institutes and local and 
national NGOs in South Asia might help incorporate more tailored technical solu-
tions where appropriate. While catchment management and integrated lake basin 
management approaches have benefited from investments in multi-stakeholder gov-
ernance, knowledge or cognitive solutions that are currently less utilized in the East 
and South Asia sub-regions could lift inadequate use of knowledge. Linking inte-
grated management (an institutional solution) with monitoring and evaluation sys-
tems (knowledge solution) could help bring about more robust SEPLS management 
that integrates multiple knowledge forms from indigenous and practical sources, 
and creates local information systems such as participatory monitoring that can 
monitor feedbacks across scales.
Some limitations of sustainable use and management approaches in SEPLS can 
be improved. While integrated landscape and transboundary approaches are gaining 
popularity, we found that place-based solutions are targeted mainly in cultivated and 
forest ecosystems. Further, there hasn’t yet been a shift to planning the majority of 
agricultural and forest ecosystem transformations at landscape or ecological scales 
because the institutional architecture is embodied in village and district or munici-
pality governance systems, while ecosystem services may not have any bearing on 
these scales. This may be true particularly in Southeast Asia where the most com-
mon composition of stakeholder coalitions in SEPLS is the interaction of sectoral 
ministries with communities through planning at social and administrative scales. 
Further, mountain ecosystems, drylands, and urban areas do not receive any of the 
benefits of planning at an eco-regional scale that might consider the flows of ecosys-
tem services. In some cases, dryland, urban, and island ecosystems may benefit 
from more integrated landscape approaches at administrative scales as they are typi-
cally tackled at higher scales from district to national levels. Island ecosystems may 
correspond to a district or municipality and benefit from synching of ecological and 
social scales. This would entail more deliberate spatial planning that bridges social 
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and ecological knowledge, and that gives consideration to the interactions of drivers 
and solution types at different scales and in different ecosystems from among the 
full suite of technical, social, institutional, economic, and knowledge-based 
solutions.
Deliberate place-based planning for sustainable use and management that will 
enable future resilient SEPLS should take advantage of community-led innovations, 
multi-level governance approaches, and solution mixes that include social, cultural, 
and knowledge-based approaches along with context-dependent technical and eco-
nomic solutions (Bohnet and Beilin 2015). As urban areas expand, planning for 
these areas that incorporates multiple solution types can enhance their resilience, 
especially when solution mixes are selected for multiple goals, and for future 
 resilience across urban-rural landscapes (Wendling et  al. 2018; Eggermont et  al. 
2015). This kind of design fits with broader approaches to planning solutions in 
SEPLS in ways that support policy design for the Anthropocene, where synergies 
among solutions are key to balancing trade-offs and staying within planetary bound-
aries through connected places (Sterner et al. 2019).
7.5  Conclusions
The drivers of overconsumption, urbanization, modernization of agriculture, unde-
rutilization and industrialization, among others, and their interactions and cumula-
tive effects are accelerating the loss of BES in SEPLS in Asia, and causing 
imbalances in formerly harmonious approaches to sustainable use and management. 
Externally influenced drivers and societal actors from all scales are part of the chal-
lenges but are also part of the solutions. IPSI members demonstrate that communi-
ties in SEPLS across Asia are working with multiple partners at different scales to 
revitalize social-ecological production landscapes and seascapes in ways that will 
address the drivers of BES loss. In many cases, they are also helping to revitalize a 
state of sustainable use and management that delivers ecosystem service benefits in 
the form of production income, dietary diversity, and increased health and well- 
being, while providing conservation and restoration benefits that benefit ecosystems 
and environmental health at multiple scales.
Through working with multiple stakeholders to devise institutional, cognitive, 
economic, social and cultural, and technological responses across ecosystems and 
scales, communities in SEPLS in Asia are responding to the need to devise solutions 
across ecosystems and scales and to consider feedbacks among social-ecological 
systems to revitalize a balance among the multiple ecosystems services for food, 
forests, biodiversity, and livelihoods. As demonstrated by the wide breadth of soci-
etal actors working jointly on solutions in SEPLS, the representation across stake-
holder groups, and varying composition of coalitions, the IPSI network is 
contributing to the best available knowledge that reflects the pluralistic values of 
multiple stakeholders in identifying which solutions are preferable in different 
social-ecological systems.
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Understanding which solution types societal actors have chosen to implement or 
have proposed in SEPLS in different sub-regions and social-ecological contexts in 
Asia gives us an understanding as to what might be the criteria for effectiveness 
applied by societal actors. Sharing the knowledge of which solution types are pre-
ferred in different social-ecological contexts may help societal actors make better 
informed decisions in weighing the appropriateness of different solutions in 
SEPLS. The framework proposed here for analyzing solutions by type, scale, and 
ecosystem can be done in a local context through a transdisciplinary approach to 
help coalitions of actors take note of gaps and devise place-based sustainable use 
and management approaches for conservation and restoration of BES in SEPLS.
Our results and findings are limited by the small number of cases available from 
certain ecosystems such as drylands and the relative lack of cases in Satoumi 
(coastal ecosystems). We were also limited by a lack of spatial data that could 
inform the placement of solutions in mosaic ecosystems of SEPLS. Future studies 
may seek to measure the performance and impact of different solutions and their 
combinations, and to disaggregate the solutions by existing and proposed in further 
analysis.
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Chapter 8
Mapping the Current Understanding 
of Biodiversity Science–Policy Interfaces
Ikuko Matsumoto, Yasuo Takahashi, André Mader, Brian Johnson, 
Federico Lopez-Casero, Masayuki Kawai, Kazuo Matsushita, 
and Sana Okayasu
Abstract This chapter contributes to improve an understanding of the effectiveness 
of different biodiversity science–policy interfaces (SPIs), which play a vital role in 
navigating policies and actions with sound evidence base. The single comprehen-
sive study that was found to exist, assessed SPIs in terms of their ‘features’—goals, 
structure, process, outputs and outcomes. We conducted a renewed systematic 
review of 96 SPI studies in terms of these features, but separating outcomes, as a 
proxy for effectiveness, from other features. Outcomes were considered in terms of 
their perceived credibility, relevance and legitimacy. SPI studies were found to 
focus mostly on global scale SPIs, followed by national and regional scale SPIs and 
few at subnational or local scale. The global emphasis is largely explained by the 
numerous studies that focused on the Intergovernmental Platform on Biodiversity 
and Ecosystem Services (IPBES). Regionally, the vast majority of studies were 
European, with a severe shortage of studies, and possibly SPIs themselves, in espe-
cially the developing world. Communication at the science–policy interface was 
found to occur mostly between academia and governments, who were also found to 
initiate most communication. Certain themes emerged across the different features 
of effective SPIs, including capacity building, trust building, adaptability and conti-
nuity. For inclusive, meaningful and continuous participation in biodiversity SPIs, 
continuous, scientifically sound and adaptable processes are required. Effective, 
interdisciplinary SPIs and timely and relevant inputs for policymakers are required 
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to ensure more dynamic, iterative and collaborative interactions between policy-
makers and other actors.
Keywords Natural capital · Ecosystem services · SPI · Science–policy dialogue · 
Transdisciplinary · Environmental policy · Biodiversity policy · Stakeholder 
participation · CRELE · IPBES · Knowledge holder · Policy impact · Trust 
building
8.1  Introduction
A strong interface between science and policy is essential for the effective conserva-
tion and management of biodiversity. Science–policy interfaces (SPIs) can gener-
ally be defined as social processes encompassing the relations between scientists 
and actors in the policy process (van den Hove 2007) and can take the form of 
organizations, initiatives, or projects operating at the boundary between science and 
policy. SPIs aim to enrich decision-making, improve understanding of problems, 
and eventually produce well-informed policy and/or behavioural changes as out-
comes (Sarkki et  al. 2015). The perceived importance of SPIs for biodiversity- 
related decision-making has been demonstrated by the formulation of the 
Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services 
(IPBES). The purpose of IPBES is to establish a continuous dialogue between 
decision- makers, scientists and a wide range of knowledge holders for a more robust 
SPI on biodiversity and ecosystem services, based in large part on a series of com-
prehensive assessments on pressing conservation issues (Larigauderie and 
Mooney 2010a).
There is general consensus on the need for good biodiversity science to inform 
policy decisions (Millennium Ecosystem Assessment [MA] 2005; Sutherland et al. 
2004), and a number of approaches to synthesize scientific knowledge have been 
established (Pullin and Stewart 2006; Pullin et al. 2009; Sutherland et al. 2014). A 
number of institutions and processes aim to bring this knowledge to policy pro-
cesses but, in practice, often fail to produce meaningful policy outcomes (Koetz 
et al. 2008; Can et al. 2009). Furthermore, they often fail to include the full range of 
existing knowledge and knowledge holders. Consequently, networking and com-
munication components among different stakeholders are not adequately reflected 
in many existing SPIs related to biodiversity and other scientific fields (Nesshöver 
et al. 2016).
A number of studies have demonstrated that effective SPIs do not consist of 
simple knowledge transfer. The linear model of academics providing scientific 
advice to governments for policymaking has been rejected from both the perspec-
tives of science studies and policy analysis (van Eeten 1999). Instead, reciprocal 
I. Matsumoto et al.
149
(rather than unidirectional) relationships are preferable (Weingart 1999). Scientific 
knowledge is commonly viewed as information that is useful for problem-solving, 
but this is only one of a series of different possible uses of science (Roqueplo 1995). 
Science is a source of legitimacy in the policy process, not only for developing new 
policies, but also for delaying or avoiding action and for justifying unpopular 
 decisions (Boehmer-Christiansen 1995). In many cases, scientific knowledge is 
unused or under-used in the policy process (Hisschemöller et  al. 2001). Even if 
particular scientific evidence is used for policymaking, it may remain unclear why 
it was used while other knowledge is ignored. Scientific rationalization has become 
an important factor in policymaking, but the decision to connect a policy decision to 
scientific evidence (and the way in which this is done) depends on political, not 
academic, factors. Organizing successful SPIs requires some understanding of how 
the policy process works and how scientific expertise is typically treated in the 
policy process (Engels 2005).
SPIs have been studied at various geographical scales. Borie and Hulme (2015) 
looked at the global level with the debate among IPBES experts terminology to 
include in the IPBES conceptual framework. The key solution was the presence of 
mediating experts, who finally facilitated the inclusion of both competing terms. At 
the regional level, Santos and Pierce (2015) reviewed the early implementation of 
the EU Marine Strategy Framework Directive, focusing on its cetacean biodiversity 
component. They identified the potential solutions including securing funding for 
monitoring, reconciling conservation objectives with the needs of other marine/
maritime sectors, and clarifying governance structure. At the national level, López- 
Rodríguez et al. (2015) examined the establishment of an SPI between scientists 
and policymakers to understand the major environmental problems and priorities in 
southeastern Spanish drylands. Possible solutions identified for facilitating/opera-
tionalizing SPIs included matching different professional groups with concrete 
problems in their own work fields, using graphical tools to facilitate mutual under-
standing, clarifying the roles involved in the problem-solving, and promoting a cul-
ture of shared responsibility for implementing collaborative actions to solve 
environmental problem(s). At the subnational level, Chaves et  al. (2015) relayed 
some lessons from a new environmental restoration policy in São Paulo State, 
Brazil. The study noted that the main solution for effective restoration policymaking 
is to gain cooperation among scientists, policymakers, and experienced practitio-
ners in identifying appropriate and user-friendly ecological indicators and associ-
ated protocols for monitoring and evaluation. These studies suggest a need to share 
clear visions of SPIs (Santos and Pierce 2015); resource allocation and good gover-
nance for SPIs (Santos and Pierce 2015); engagement of different stakeholders and 
clarification of each of the roles (López-Rodríguez et al. 2015); and collaboration, 
trust building, capacity building, and conflict management among different stake-
holders (Borie and Hulme 2015), in order to improve biodiversity SPIs.
This chapter presents a systematic review of literature on existing SPIs, identify-
ing challenges and possible solutions to effective SPI implementation. This was 
done in the context of key SPI features—goals, structure, process and outputs, and 
their policy outcomes (Young et al. 2013a). These SPI features are borrowed from 
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the SPIRAL project (Science-Policy Interfaces for Biodiversity: Research, Action 
and Learning), an interdisciplinary research project that studied biodiversity SPIs in 
an attempt to improve the conservation and sustainable use of biodiversity funded 
under the EU 7th Framework Programme. SPI goals are central to understanding 
how and why an SPI operates, why people participate, and play a strong role in 
 setting the foundations of credibility, relevance, and legitimacy. SPI structure 
describes how SPIs are set up and the constraints within which the processes are 
defined. SPI processes define the way in which the key functions are actually car-
ried out. SPI outputs can be characterized by a set of features describing how they 
are prepared and presented. SPI outcomes are the learning, behavioural, and policy 
changes that SPIs foster. Table 8.1 provides more a further breakdown of these cat-
egories. SPIRAL evaluated SPIs based on their perceived credibility, relevance, and 
legitimacy (CRELE) (Young et al. 2013a; Nesshöver et al. 2016). In this context, 
credibility is defined as ‘the perceived quality, validity and scientific adequacy of 
people, processes and knowledge exchange at the interface’; relevance is ‘the per-
ception of the usefulness of the knowledge brokered in the SPI, how closely it 
related to the needs of policy and society, and how responsive the SPI processes are 
to these changing needs’; and legitimacy is ‘the perceived fairness and balance of 
the SPI process’ (Young et al. 2013a).
8.2  Methodology
We searched the peer-reviewed literature on biodiversity-relevant SPIs using a 
search string of ‘(science-policy OR policy-science) AND biodiversity’ on Scopus 
(https://www.scopus.com/home.uri), one of the largest databases of peer-reviewed 
literature. The resulting papers’ titles, keywords, and abstracts were screened to 
identify those on creating or analysing SPIs. From these, we extracted information 
on the relevant SPI study including its location, its spatial scale (subnational, 
national, regional, or global), the associated key challenges and possible solutions 
identified in the SPI process, and its outcomes.
We assessed each article’s analysis of the relevant SPI according to the SPI fea-
tures identified by the SPIRAL framework on goals, structure, processes, outputs, 
and outcomes, as listed in Table 8.1. Our assumption is that the outcomes of an SPI 
are affected by the other four SPI features, but also by external factors (e.g., political 
climate and pure chance). For this reason, SPI outcomes may not directly reflect the 
SPI design/operation choices in the same way as other features (Young et al. 2013b). 
Most studies evaluated the other four features in terms of their perceived credibility, 
relevance, and legitimacy (CRELE) as a proxy for evaluating the SPI outcomes.
The literature review under this study focused therefore on identifying the major 
challenges faced by each of the SPI features (goal, structure, process, and output), 
as well as the possible solutions to these challenges for each of the features. We also 
assessed how goal, structure, process, and output contribute to better SPI outcomes, 
through a systematic review of the studies that analysed their causal link. This was 
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Table 8.1 Key features of SPIs (adapted from Young et al. 2013a, b)
Feature Sub-feature Characteristics
Goals Vision Clarity, scope, and transparency of the vision and objective of SPI
Drivers Demand-pull from policy, mandates, supply-driven promotion of 
research, emerging issues
Structure Independence Freedom from external control, neutrality or bias in position, 
range of membership
Participation Range of relevant expertise and interests included, competence of 
participants, openness to new participants
Resources Financial resources, human resources (e.g., leadership, 
champions, ambassadors, translators), networks, time
Processes Horizon 
scanning
Procedures to anticipate science, technology, policy, and societal 
developments




Strategies such as third party facilitation, allowing sufficient time 
for compromise
Trust building Possibilities to participate in discussion, clear procedures, 




Helping policymakers to understand science and scientists to 
understand policymakers, building capacities for further SPI work
Adaptability Responsiveness to changing contexts, flexibility to change




Processes to ensure quality, comprehensiveness, transparency, 
robustness, and management of uncertainty
Translation Efforts to convey messages across different domains and 
individuals, and making the message relevant for various 
audiences




SPI participants, audiences, wider public change behaviour as a 
result of learning
Policy impact SPI information, learning, and associated changes in policymaker 
behaviour lead to changes in policy
Biodiversity 
impact
The above changes lead to changes in drivers and pressures 
threatening biodiversity, societal responses, and the state of 
biodiversity
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considered an indication of their effectiveness. SPI outcomes were captured by their 
reported impacts, broadly categorized as social learning impacts, policy impacts, 
behavioural changes, and biodiversity impacts. The subcategories of SPI features, 
as listed in Table 8.1, were used as units to analyse impacts.
8.3  Results and Discussion
We identified 178 peer-reviewed articles, published from 1990 to April 6, 2017, 
with titles, keywords, or abstracts containing our search terms. Ninety-six of these 
were found to be directly relevant to our review of biodiversity SPIs, which  discussed 
about science policy interface on biodiversity in the articles. As illustrated in 
Fig. 8.1, the number of these studies has been increasing overall since 2008. This 
may be due to discussion towards the establishment of IPBES in 2012 and an 
increasing scholarly interest in SPIs in general for improving environmental pol-
icy making.
The subsequent section are based on a systematic literature review of existing 
studies on biodiversity SPIs, analysing (1) the geographic scales/locations of the 
SPIs that have been studied, (2) the types of SPI features that have been studied, and 












Fig. 8.1 Number of SPI study in each year (2000–2017)
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8.3.1  Distribution of SPI Studies
The largest number (36 out of 96) of articles studied global-level SPIs, mostly 
related to IPBES, while subnational/local and cross-scale SPIs received the least 
research attention (Fig. 8.2). Rather than reflecting the existence of only a limited 
number of subnational/local SPIs, this indicates a shortage of studies focusing on 
the numerous SPIs related to local biodiversity conservation plans and policies. In 
terms of where the regional-, national-, and subnational/local level SPIs were stud-
ied (37 in total), the majority focused on SPIs in Europe (22) and North America (5), 
while comparatively few studies focused on Asia (3), Oceania (2), Latin America 
(2), and Africa (1) (Fig. 8.3). Forty-four out of the 96 SPIs were facilitated by gov-
ernment or by government and academia (10), while only 13 were facilitated by 
academia alone (Fig.  8.4). Most papers (64) involved SPIs with two-way 
 communication between scientists and policymakers, typically with multiple rounds 
of presentation and feedback. The second most common means of communication 
was a linear style of one-way communication from scientists to policymakers or 











Fig. 8.2 Geographical scale of SPI studies
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Fig. 8.3 Regional balance of SPI studies
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8.3.2  SPI Features
8.3.2.1  Overview
Challenges and Possible Solutions
Of the 96 articles relevant to our review, 77 discussed the challenges faced, and the 
possible solutions provided, by SPIs. Some of these identified more than one key 
feature of the SPI studied; therefore, the total number of features mentioned does 
not match the total number of articles reviewed. Other 19 articles did not discuss 
any particular features, challenges, and possible solutions of SPIs. Of the 77 articles 
analysed, 45 articles discussed challenges and possible solutions in the SPI process, 
specifically in terms of capacity building (18 studies), trust building (16), adaptabil-
ity (12), continuity (10), horizon scanning (9), and conflict management (5) 
(Fig. 8.6). Challenges and possible solutions regarding SPI structure were discussed 
in 34 articles, mostly in terms of participation (29). Nineteen articles discussed SPI 
output challenges and possible solutions, with relevance of outputs (12) being the 
most frequently assessed output component. Challenges and possible solutions 
related to SPI goals were least frequently covered in the literature (only 11 studies), 
especially in terms of the drivers of the SPI development (e.g., whether it was set up 
due to policy demand, research interest, or new emerging issues) being evaluated 
most often (7 studies).
Fig. 8.6 Key SPI features recognized in the articles
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Table 8.2 Key challenges and possible solutions identified in the reviewed articles
Challenges Possible solutions
Goal   • Identification of key research 
topic
  • Joint formulation of research and 
policy between researchers and 
policymakers
  • Goals and objectives of SPI is not 
clear
  • Developing and adjusting clear goal 
and priority of SPI for participants
Structural   • Assembling a range of knowledge 
holders and experts relevant to topics
  • Formation of SPIs with transparent 
and open structures
  • High level of complexity of 
decision-making
  • More engagement with social 
sciences
  • Need to ensure a sound scientific 
basis of SPI
  • Collaborative interdisciplinary teams 
and involve scientists, policymakers, 
legal experts, and practitioners from 
various fields/sectors on board
  • Fragmentation of group of 
interests of the members involved in 
SPI
  • Establishment of a discussion 
platform among different stakeholders
  • Putting in place structures and 
incentive schemes that support long-term 
interactive dialogue
Process   • Overcoming silos between 
decision-makers and scientists
  • Adequate capacity building for both 
scientists and policymakers to 
understand the different processes in 
which each of them work
  • Appropriate handling of 
socio-ecological complexity and 
political dimensions
  • More engagement with social 
sciences
  • Timely provision of consolidated 
view for decision-making
  • Enhancing national level of capacity 
including data collection and technical 
skill
  • Better communication between 
policymakers and scientists and 
addressing or communicating the 
uncertainty of science
  • Engagement of policymakers in 
research projects
  • Striking an appropriate balance 
between scientific complexity and 
over-simplification
Improvement of data collection and use
  • Lack of common language or 
philosophies between scientists and 
policymakers
Outputs   • Making scientific output policy 
relevant
  • Integrating knowledge more with 
social science including socioeconomic 
impacts
  • Transforming knowledge between 
different communities
  • Production of highly relevant outputs 
of SPIs
  • Need to strengthen scientific 
basis
I. Matsumoto et al.
157
Many SPI studies (29) mentioned participation as a key challenge of SPI struc-
ture. Capacity building (18 studies) and trust building (16 studies) were also 
described as key challenges. Table 8.2 summarizes the common challenges and pos-
sible solutions identified in the reviewed papers.
Outcomes
Of the 96 relevant articles, we identified 42 that examined how the goals, structure, 
process, and output of existing SPIs affected the wider outcomes of the SPI process. 
In the 42 articles, we identified 92 cases in which outcomes were reported. Among 
the four SPI features, the SPI process was by far the most studied (52 cases), fol-
lowed by structure and output. These results were quite similar to those related to 
SPI challenges and solutions, with process and structure being among the most 
discussed in relation to outcomes. The relationship between SPI goals and outcomes 
was the least studied (only 6 cases). As for the types of outcomes investigated, 
social learning and policy impacts were most studied (Table 8.3). Table 8.4 sum-
marizes different efforts and tools falling under the four SPI feature categories and 
their outcomes, drawn from our systematic review. These are described more in 
detail in the following four sections.
8.3.2.2  SPI Goal
Some of the common challenges to achieving the goals of SPIs included the identi-
fication of relevant research topics (Pullin et al. 2009; Vohland et al. 2011; Sarkki 
et al. 2013) as well as a lack of clarity about what these goals and objectives should 
be (Chapple et al. 2011; Kim et al. 2016). The most common possible solutions 
identified for overcoming these common challenges included joint formulation of 
research that would produce science to inform policy, by scientists and policymak-
ers (Noss et al. 2009; Pullin et al. 2009; Ferreira et al. 2012; Sarkki et al. 2013; 
Young et al. 2014; Chaves et al. 2015; Nesshöver et al. 2016), and developing and 
adjusting clear goals and priorities of SPIs among different stakeholders at the ini-
tial stage of the SPI formulation (Kim et al. 2016). In a survey of the scientific com-
munity on the need and possible options for a science–policy platform, many 
Table 8.3 Number of the cases of causal link between the four SPI features and outcomes
SPI feature category
SPI outcome subcategory
SubtotalSocial learning Policy impact Biodiversity impact Others
Goal 1 4 1 6
Structure 8 5 4 17
Process 23 22 1 6 52
Outputs 3 7 1 6 17
Total 35 38 2 17 92
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respondents considered decision-making (i.e., policymaking) to be complex, itera-
tive, and often selective in the information used. The authors concluded that joint 
formulation of policy would be preferable (Young et al. 2014).
In terms of the contributions of SPI goals to outcomes, most studies (four of five) 
investigated how the goal features were related to policy impacts. Sarkki et  al. 
(2013) found a higher likelihood of policy uptake of the findings and recommenda-
tions from SPIs with a predetermined political mandate, referring to experience 
from the Intergovernmental Panel on Climate Change (IPCC). Conversely, pluralis-
tic and relatively open political structures and processes were found to enable scien-
tists to better identify and prioritize problems for policies (Tzankova 2017). Thus, 
both policy-led and science-led approaches have merits, where science can help 
identify new priorities while responding to existing policy needs (Sarkki et  al. 
Table 8.4 Summary of causal link between the four SPI features and their outcomes
SPI 
features SPI approaches and tools Outcomes
Goal   • SPI with clear political mandate   • Higher likelihood of policy uptake
  • Pluralistic and relatively open 
political structure
  • Enable science to frame problems 
for policies
  • Balance between policy-led and 
science-led approaches
  • Science helps form new priorities, 
and science responds to imminent 
policy needs
  • Scientists’ and policymakers’ joint 
effort
  • Identify priority issues, deliver 
consolidated knowledge to support 
policies, and identify research gaps to 
address emerging issues
Structure   • Balanced participation across space 
and disciplines
  • Sound spatial and disciplinary 
representation in SPI deliverables
  • Boundary object/participatory 
assessment
  • Trigger diverse stakeholders to 
work collectively and to share 
understanding
  • Transdisciplinary institution   • Use of credible scientific results in 
policies
Process   • Clear protocols and higher 
transparency
  • Create long-lasting mutual trust 
and learning environment
  • Regular face-to face interactions 
between science and policy; inclusion 
of policymakers in research projects
  • Enhance mutual understanding 
between policymakers and 
researchers
  • Acknowledge and spur the 
enthusiasm of diverse participants
  • Integrate different forms of 
knowledge and use them in 
decision-making
  • Adaptive learning by doing 
framework
  • Use of research results in 
management
Output   • Strengthen social science 
engagement
  • Respond to policymakers’ need 
for identifying effective policies
  • Knowledge synthesis, e.g., policy 
briefs, white paper, database, red-listing
  • Policy changes
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2013). This is well supported by López-Rodríguez et al. (2015) and Nesshöver et al. 
(2016), who noted the contribution of scientists’ and policymakers’ joint efforts to 
identify priority environmental issues, delivering a consolidated body of scientific 
knowledge to support relevant policies, as well as to identify research gaps to 
address emerging issues. This also applies to ecosystem management. Drawing on 
their experience with scientists’ engagement in the management of Greater Blue 
Mountains World Heritage Area in Australia, Chapple et al. (2011) emphasized the 
importance of the collaboration and information flow between scientists and man-
agers to collectively define problems and management objectives that guide research 
directions and uptake.
8.3.2.3  SPI Structure
The most common challenges to structuring SPIs included assembling a range of 
knowledge holders and experts relevant to topics (Ferreira et al. 2012; Plant and 
Ryan 2013; Spranger et al. 2014; Schewenius et al. 2014; Hauck et al. 2014; Walther 
et al. 2016); the high level of complexity of decision-making processes (Young et al. 
2014; Tzankova 2017); and the need to ensure a sound scientific basis of the SPIs. 
A lack of incentives for scientists and policymakers to participate in SPIs (Granjou 
and Mauz 2012; Sarkki et al. 2013) and fragmentation of interests of the members 
involved in the SPIs (Gustafsson and Lidskog 2013; Hauck et al. 2014; Arpin et al. 
2016) constitute further challenges.
In terms of solutions to these problems, the formulation of SPIs with transparent 
and open structures was frequently identified as a solution. For example, Arpin et al. 
(2016) found that the major challenges in the process of establishing IPBES were 
handling the fragmentation and plasticity of the group of interest involved in the 
institutionalization process, and the ‘exercise of an art of having everybody on 
board through techniques of inclusiveness’ was a key to success. Many studies 
observed that, in order to tackle complex and multidimensional issues of biodiver-
sity, it is vital to have collaborative interdisciplinary teams and to involve scientists, 
policymakers, legal experts, and practitioners from various fields/sectors (Srebotnjak 
2007; Koetz et al. 2008; Arts and Buizer 2009; Mishra et al. 2009; Blythe and Dadi 
2012; Ferreira et  al. 2012; Kueffer et  al. 2012; Paloniemi et  al. 2012; Giakoumi 
et al. 2012; Ardoin and Heimlich 2013; Gustafsson and Lidskog 2013; Keune et al. 
2013; Young et al. 2014; Hauck et al. 2014; Chaves et al. 2015; Sarkki et al. 2015; 
Andaloro et  al. 2016; Arpin et  al. 2016; Kovács and Pataki 2016; Walther et  al. 
2016). Kueffer et al. (2012), noting the complexity of problems, and impartiality of 
expertise and salience of knowledge which impede effective research for sustain-
able development, found that one solution is to conduct research in interdisciplinary 
teams, forming research partnerships with actors and experts from outside aca-
demia, and framing research questions with the aim of solving specific problems. In 
order to do so, Seddon et al. (2016) suggested that ecologists and conservation biol-
ogists need to engage much more strongly with, and draw on, the social sciences as 
well as the humanities. It was also considered critical to establish a discussion plat-
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form among different stakeholders (Sommerwerk et  al. 2010b; Cil and Jones- 
Walters 2011; Thomas et al. 2012; Mace et al. 2013; Spranger et al. 2014; Schewenius 
et al. 2014; Garibaldi et al. 2017). Putting in place structures and incentive schemes 
that support long-term interactive dialogue, such as new network opportunities, rec-
ognition in an academic society, access to funding and others (Granjou and Mauz 
2012; Young et al. 2014; Hauck et al. 2014; Carmen et al. 2015; Santos and Pierce 
2015; Sarkki et al. 2015; Nesshöver et al. 2016) was another possible solution to 
address these challenges.
In order to address these challenges and secure sound participation among differ-
ent stakeholders in long term, trust building in the SPI process is important to facili-
tate engagement with social scientists, multiple sectors of governments, practitioners, 
private sectors, and others. To ensure participation from local and indigenous 
 communities, capacity building and different communicative forms are vital at the 
same time. Kim et al. (2016) stated that increased participation, per se, does not 
guarantee the achievement of ethical-moral imperatives (people should have a say 
in decisions affecting them) or instrumental outcomes such as improving people’s 
ownership and acceptance. To address structural challenges of SPIs, they also 
pointed to the question of how the process was conducted as also being important. 
And it is affected by institutional culture, transparency, flexibility, and capability for 
implementation. Mielke et al. (2017) evaluated stakeholder involvement practices in 
science and concluded that ‘more conceptual exchange between practitioners, as 
well as more qualitative research on the concepts behind practices, is needed to bet-
ter understand the stakeholder–scientist nexus’. Active engagement of stakeholders 
with a range of relevant expertise and interest will help an SPI to better handle the 
socio-ecological complexity and political dimensions of biodiversity-related policy-
making. Further, improvement of SPI processes including trust building, continuity, 
capacity building, and adaptability will also lead to more robust SPI structure (e.g., 
resulting in more active participation within the SPI). This demonstrates the dynamic 
relationship between ‘structure’ and ‘process’ of SPIs. So, to promote more mean-
ingful and continuous participation in biodiversity SPIs and better SPI structure, it 
is not enough to invite experts and stakeholders from different sectors to participate 
in SPIs, but also to secure continuous, trusted, and adaptable SPI processes.
In terms of how the structure of SPIs can contribute to specific outcomes, most 
studies focused on their social learning impacts (8 out of 17) and policy impacts (5 
out of 17). As for social learning, participatory assessment, e.g., biodiversity assess-
ment that involves various stakeholders including scientists and policymakers, can 
be used to generate comprehensive evidence and underpin shared understanding 
among stakeholders (Garibaldi et al. 2017). Sarkki et al. (2013) reported that the 
participation of governments in the IPCC decision-making process increased their 
likelihood of referencing the IPCC assessments in their policies. Regarding policy 
impacts, Kovács and Pataki (2016), drawing on their observation of the early-stage 
development of IPBES, highlighted the need for diverse and balanced participation 
of experts across regions and countries to ensure the representation of place-specific 
knowledge in global- and regional-level assessments. Balanced participation was 
also found to enhance legitimacy in priority setting (Kim et al. 2016). Diverse par-
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ticipation allows for bridging of knowledge and skills between experts and public 
beyond traditional boundaries (Carmen et  al. 2015; Andaloro et  al. 2016). 
Transdisciplinary SPIs at regional, national, and local levels saw several cases of 
success in policy uptake. These included the use of scientific results to define the 
limits of emission values, best available techniques, and economic instruments 
under the Convention on Long-Range Transboundary Air Pollution (CLRTAP) 
(Spranger et al. 2014); the development of England’s national biodiversity strategy 
building on the national ecosystem assessment report delivered by a team of multi-
disciplinary experts and policymakers (Watson 2012); and the integration of sci-
ence–policy activities under the International Commission for the Protection of the 
Danube River (ICPDR) (Sommerwerk et  al. 2010a). Problem-oriented and 
 interdisciplinary research and partnership were found to drive transitional change of 
academic culture (Kueffer et al. 2012).
8.3.2.4  SPI Process
Overcoming silos between decision-makers and scientists (Tinch et  al. 2016; 
Carmen et  al. 2015; Lidskog 2014; Sanguinetti et  al. 2014; Sarkki et  al. 2013; 
Ruckelshaus et al. 2015; Aslaksen et al. 2012; Koetz et al. 2012; Naylor et al. 2012; 
Noss et al. 2009; Srebotnjak 2007) and timely provisioning of consolidated views 
for decision-making (Larigauderie and Mooney 2010b; Thomas et al. 2012; Carmen 
et al. 2015; Nesshöver et al. 2016) were identified as key challenges to the process 
of developing and maintaining SPIs. Many articles also emphasized the need for 
interdisciplinary SPIs to develop policies that can take into account the complexity 
and interconnectedness of social and ecological systems (Arts and Buizer 2009; 
Mishra et al. 2009; Pullin et al. 2009; Van Haastrecht and Toonen 2011; Blythe and 
Dadi 2012; Kueffer et al. 2012; Paloniemi et al. 2012; Keune et al. 2013; Young 
et al. 2014; Hauck et al. 2014; Sarkki et al. 2015; Raina and Dey 2015; Seddon et al. 
2016; Chazdon et al. 2017).
One potential solution to these challenges, which was identified in several past 
studies on individual SPIs, could be to put in place incentives for scientists and poli-
cymakers to support their long-term, interactive dialogue as well as the collabora-
tion of diverse stakeholders and knowledge holders. Some authors noted that 
contribution to better decision-making required better communication between 
policymakers and scientists and addressing or communicating the uncertainty of 
science (Opdam et al. 2009; Rodela et al. 2015; Balian et al. 2016). At the same 
time, the need was recognized to strike an appropriate balance between scientific 
complexity on the one hand and over-simplification on the other (Sarkki et al. 2013; 
Balian et  al. 2016). Improvement of data collection and use (Ruckelshaus et  al. 
2015; Stephenson et  al. 2015) and lack of common language or philosophies 
between scientists and policymakers (Borie and Hulme 2015; Rodriguez et al. 2015; 
Sarkki et al. 2015; Gigante et al. 2016; Tremblay et al. 2016) were also singled out 
as means for a better decision-making process between these two groups.
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Adequate capacity building for both scientists and policymakers to understand 
the respective processes in which they work was stated as a key SPI process in 18 
reviewed articles. For instance, discussing biodiversity data for decision-making in 
Africa, Stephenson et al. (2015) stressed the importance of building capacity for 
data collection, using tools, guidelines, and communities on biodiversity planning 
and monitoring. In order to promote interaction between scientists and decision- 
makers to improve mutual understanding in Africa, they also mentioned the need for 
the improvement of national, international, and cross-sectoral collaboration for bio-
diversity data management, and the production and use of more data-derived prod-
ucts that encourage data use. Ruckelshaus et al. (2015) pointed out the importance 
of training local experts in the use of different approaches and tools for building 
local capacity, ownership, trust, and long-term success. Neßhöver et  al. (2013) 
found that, if policy requires a broad foundation and exhaustive interdisciplinary 
synthesis, broad assessments such as Millennium Ecosystem Assessment (MA) or 
The Economics of Ecosystem and Biodiversity (TEEB) would be more effective in 
the engagement of policymakers.
Trust building was also frequently identified (in 16 articles) as being a relevant 
solution to address the challenges in SPI processes, and it is closely related to capac-
ity building. For example, to identify and overcome the numerous social, cultural, 
and political obstacles to effective transition of policy into action and financial 
resources that benefit biodiversity, Seddon et al. (2016) stated that ecologists and 
conservation biologists need to engage much more strongly with, and draw on, the 
social sciences and the humanities. 
In terms of the contributions of SPI processes to outcomes, most studies described 
the social learning (23 of 52) and policy impacts (22 of 52) in an inseparable con-
tinuum. Tinch et al. (2016) found that long-lasting mutual trust and a learning envi-
ronment were vital to generate positive SPI outcomes including social learning and 
policy impacts, drawing from a review of ten SPIs at national, regional, and global 
levels. Clear procedural protocols and higher transparency in SPI process were 
found to also enhance mutual trust (Kim et al. 2016). Regular face-to-face interac-
tions between scientists and policymakers (Balian et  al. 2016), as well as their 
exchange in the upstream of the research project design process (Neßhöver et al. 
2013), can enhance mutual understanding between policymakers and researchers 
and accelerate the flow of scientific knowledge into policies and practices, and the 
inclusion of policy perspectives into research projects. Such a reciprocal and itera-
tive process helps policymakers understand and deal with uncertainties, and 
strengthen learning in and policy relevance of SPI (Sarkki et al. 2013; Balian et al. 
2016). In doing so, it was recommended to acknowledge and spur the enthusiasm of 
various participants to bring different forms of knowledge together and to integrate 
knowledge in decision-making (Carmen et al. 2015). Ruckelshaus et al. (2015) sug-
gested the need for focused capacity building for local experts on the approaches 
and tools to enhance local capacity, ownership, and trust, which helps integrate local 
values in biodiversity planning. Sarkki et al. (2013), on the other hand, were of the 
opinion that scientists need to be better aware of the cycle of the policy process that 
they intend to influence. All in all, continuous interaction between scientists and 
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policymakers from an earlier stage supports more targeted and timely inputs of 
quality knowledge from scientists in policy cycle (Sarkki et al. 2013; Balian et al. 
2016), and an adaptive process would enable appropriate response to changing pol-
icy needs and to help shape next generation of policy questions (Sarkki et al. 2013). 
In policy implementation, an adaptive ‘learning by doing’ framework was consid-
ered to enhance the use of research results (Chapple et al. 2011).
8.3.2.5  SPI Output
Common challenges related to the outputs of SPIs included making scientific out-
puts policy relevant (Mishra et al. 2009; Vohland et al. 2011; Balian et al. 2016; 
Donohue et al. 2016; Nesshöver et al. 2016) and an inadequate scientific basis of 
outputs for policymaking (Koetz et al. 2008; Donohue et al. 2016). The production 
of highly relevant outputs of SPIs was most frequently cited as a solution, with the 
relevance of the output being enhanced typically through several rounds of commu-
nication between scientists and policymakers. For example, given the impact of con-
ventional intensification of agriculture on biodiversity loss and greenhouse gas 
emission, Garibaldi et al. (2017) stated an urgent need to provide quantitative evi-
dence of simultaneous ecological and socioeconomic impacts across the globe by 
alternative agriculture approaches to direct science–policy initiatives, such as SDGs 
and IPBES. They also proposed a participatory assessment framework as one of the 
possible solutions to close this knowledge gap. In Brazil, facing the knowledge gaps 
regarding the ecological impacts of agricultural expansion and the general discon-
nection between ecological science and environmental policy development pro-
cesses, Joly et al. (2010) stated that the efforts to synthesize data for policymaking 
and state-level demand were important for the success of biodiversity conservation.
In terms of how outputs contribute to positive outcomes, most studies focused on 
policy impacts (7 of 17 studies) and social learning (3 of 17 studies), where social 
learning was described as a process leading to policy impacts. Extended peer- 
reviews and well-defined quality assessment process were found to enhance the 
learning of participants and enhance the quality of outputs (Sarkki et al. 2013; Beck 
2014). Diverse ways of presenting synthesized knowledge, including policy briefs, 
are used as a reliable and handy evidence base for policymaking. For a decision on 
marine management rules, policy briefs, pictures, maps, and figures were found to 
be efficient translation tools for simplifying message for policymakers (Sarkki et al. 
2013). The BIOTA-FAPESP programme on biodiversity conservation research in 
the state of São Paulo has provided research underpinning of 4 governmental 
decrees and 11 resolutions through its efforts to synthesize data in response to the 
public and state’s demand (Ferreira et al. 2012). In the United Kingdom, the National 
Ecosystem Assessment report was referred to in the National Environment White 
Paper, which was used to develop a national biodiversity strategy (Watson 2012). 
IUCN’s Red List is a good example of a credible quality SPI output which has 
become frequently referred to in policies as the representation of the state of biodi-
versity (Gustafsson and Lidskog 2013). Advancing information technologies for 
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knowledge integration, such as database and semantic web technologies, enable 
ecosystem managers to easily access expert knowledge (Blythe and Dadi 2012).
8.3.2.6  SPI Outcome
We can draw some important findings from the above analysis of the outcomes from 
each of the four SPI features in terms of how they can contribute to enhancing the 
credibility, relevance, or legitimacy in SPI.  Sarkki et  al. (2013) highlighted the 
potential trade-offs between credibility, relevance, and legitimacy in SPIs. The 
trade-offs, however, are highly context dependent. Our analysis identified generic 
approaches and tools to reconcile the trade-offs and enhance synergies between 
credibility, relevance, and legitimacy in SPI.  Under SPI goals, scientists’ and 
 policymakers’ joint efforts with their appropriate power balance can merit the syn-
ergies. As for SPI structure, transboundary institutions that ensure a good represen-
tation of policymakers, scientists, and other stakeholders in relevant and diverse 
sectors and disciplines can contribute to enhancing the synergies. The synergies can 
also be improved through an SPI process with clear protocols for higher transpar-
ency and with a mechanism to enhance the enthusiasm of various participants which 
will also contribute to building synergies.
8.4  Conclusion
In terms of the geographic scale and locations of the SPIs studied, we found that 
most were global (mainly IPBES) or regional or national SPIs in Europe or North 
America. Relatively few studies investigated regional or national SPIs in Asia, 
Africa, or South America, despite the importance of these regions in terms of biodi-
versity conservation. Studies focusing on the numerous SPIs related to local biodi-
versity conservation plans and policies are particularly scarce.
The main challenges and solutions facing SPIs are related to participation, 
although different terms are used to refer to it in different studies (such as ‘joint’, 
‘collaborative’, ‘participative’, and ‘involve’). Although participation is classified 
as a sub-feature of SPI structure in Table 8.1, it is a critical component of the other 
SPI features as well. For example, the joint formulation of research and/or policies 
was found to be a possible solution to overcome key challenges related to the SPI 
goals, such as a lack of clarity regarding the goals and objectives or missing identi-
fication of relevant research topics. In the context of the SPI structure, participation 
was found to be a particularly relevant sub-feature. To overcome the existing chal-
lenges such as a lack of sound scientific basis, high complexity of decision-making 
processes, and fragmentation of interests, a key solution proposed in many studies 
focuses on improving participation by establishing collaborative interdisciplinary 
and multi-stakeholder structures, such as committees, teams, or partnerships involv-
ing scientists, policymakers, legal experts, and practitioners. To be sustainable, 
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however, these participatory structures need to be based on incentive schemes that 
are able to support the required long-term interactive dialogue to secure continuous, 
trusted, and adaptable SPI processes. Finally, participatory approaches also consti-
tute possible solutions to challenges faced in the production of SPI outputs, by 
ensuring continuous interaction between scientists, policymakers, and other possi-
ble stakeholders to overcome silos and creating participatory assessment frame-
works as a possible solution to existing knowledge gaps.
Trust building and capacity building are also important, closely related, possible 
solutions to existing SPI challenges. Trust building facilitates the engagement of 
different stakeholders in participatory processes by enhancing the mutual under-
standing and interaction of scientists and policymakers throughout the stages of 
setting SPI goals, developing their structures and producing relevant outputs. 
Flexibility to change and continuity were also identified as relevant sub-features of 
SPI processes. In this regard, it is vital to ensure more dynamic, iterative, and col-
laborative interactions between scientists, practitioners, knowledge holders, and 
policymakers to identify research gaps, consolidate interdisciplinary scientific 
views, build capacity and long-term trust of organizations, and ultimately develop 
effective interdisciplinary SPIs that provide timely and relevant outputs to policy-
makers. Effective instruments for SPIs to deliver credible, relevant, and legitimate 
outcomes include ensuring a well-defined quality assessment process possibly 
through extended peer-reviews and the production of a knowledge synthesis that is 
relevant and handy for knowledge users.
It is important to note that our findings draw on a limited number of studies of a 
limited number of SPIs. These studies are, furthermore, skewed towards SPIs at 
global level and/or in Europe and North America. Further studies that empirically 
assess the features of SPIs and their contributions to outcomes are needed, particu-
larly at underrepresented scales and in underrepresented regions. Further research 
into how SPI goals and outputs can provide solutions to challenges and lead to posi-
tive outcomes is also needed, to develop a more comprehensive choice of approaches 
that can generate positive outcomes at the science–policy interface.
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Abstract While Chaps. 2–5 covered specific case studies of landscapes and sea-
scapes in Japan (Chaps. 2–4) and Bangladesh (Chap. 5), Chaps. 6–8 consisted of a 
series of review articles on sustainable management approaches relating to land/
seascapes that explored lessons learned from assessing resilience in socio- ecological 
production landscapes and seascapes (SEPLS) (Chap. 6), solutions for sustainable 
management of SEPLS in Asia (Chap. 7), and the effectiveness of biodiversity sci-
ence–policy interfaces (SPIs) from local to global scales (Chap. 8). These chapters 
are summarized here according to their objectives, materials/study sites, methods/
tools, spatial scales, and key actors. Then, the implications for the United Nations 
Convention on Biological Diversity (CBD) Post-2020 Global Biodiversity 
Framework are discussed using key leverage points of transformations toward sus-
tainability identified by the Intergovernmental Science-Policy Platform on 
Biodiversity and Ecosystem Services (IPBES) Global Assessment: (1) visions of a 
good life; (2) total consumption and waste; (3) values and action; (4) inequalities; 
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(5) justice and inclusion in conservation; (6) externalities and telecoupling; (7) tech-
nology, innovation, and investment; and (8) education and knowledge generation 
and sharing.
Keywords Socio-ecological production landscapes and seascapes · Ecosystem 
services · Visualization · Mapping · Stakeholder analysis · Science–policy interface
9.1  Summary of the Book
Broadly, this book highlights various approaches to achieving the sustainable use of 
resources and development for socio-ecological production landscapes and sea-
scapes (SEPLS) from local to global scales. While Chaps. 2–5 covered specific case 
studies at landscapes and seascapes in Japan (Chaps. 2–4) and Bangladesh (Chap. 
5), Chaps. 6–8 consisted of a series of review articles that explored lessons learned 
from assessing resilience in SEPLS (Chap. 6), solutions for sustainable manage-
ment of SEPLS in Asia (Chap. 7), and the effectiveness of biodiversity science–
policy interfaces (SPIs) from local to global scales (Chap. 8). These chapters are 
summarized in Table 9.1 according to their objectives, materials/study sites, meth-
ods/tools, spatial scales, and key actors.
Focusing on the Sekisei Lagoon, Okinawa Prefecture, at the southeastern tip of 
the Japanese archipelago, Chap. 2 examined the inter-relationships between the sec-
toral policy interventions by various marine-related ministries and the entire struc-
ture of the integrated ocean policy. This study developed the SES schematic, which 
summarized and visualized the main ecosystem structures, functions, use types, and 
stakeholders relating to the lagoon. This SES schematic can be used as a boundary 
object to facilitate knowledge exchange between various stakeholders, including 
policy makers, practitioners, and researchers, to share a common understanding of 
the current situation, and to co-create policy interventions for sustainable uses of 
not only the Sekisei Lagoon but also other types of ecosystem or natural capital.
Chapter 3 focused on quantifying the willingness of tourists to participate in 
invasive carp removal in nature-based tourism in Amami Oshima, Japan. The study 
found that most tourists would avoid participating in carp removal activities as a 
tour option without any financial discounts but that over one third of tourists were 
willing to work for carp removal based on their own motivations. This result sug-
gests that tourists could play an important role in invasive alien species management.
Using the example of the city of Toyama in Japan, Chap. 4 focused on a partici-
patory approach of backcasting scenario-making to identify ways of bringing 
together various perspectives for sustainable urban planning. The chapter concluded 
that, when governed in certain ways, citizen participatory approaches can realize a 
fairly good balance between diverged processes and converged outcomes of back-
casting scenario-making on the issue of urban sustainability transitions.
Chapter 5 highlighted how local institutions and traditional knowledge can be 
incorporated when addressing sustainable use and the conservation of biodiversity, 
focusing on experiences from the Sundarbans area in Bangladesh. Following MEB 
approaches, the chapter concluded that human sociality-based conservation 
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 practices positively impact resilient indicators and help achieve the Aichi 
Biodiversity Targets.
Chapter 6 examined applying the resilience assessment process using an 
indicator- based approach at 34 sites (communities) of SEPLS in different regions of 
the world. The measurement criteria are defined by individual communities, and 
therefore, the outcomes are specific to those communities when understanding the 
multiple aspects of resilience and changes over time and identifying important 
issues for improving the resilience of a community. The most prominent benefit 
found when using the indicators is their value as a convening tool, bringing together 
multiple stakeholders in a landscape or seascape.
Chapter 7 identified various categories of place-based solutions for the sustain-
able management of SEPLS based on the experiences of partners from the South, 
East, and Southeast Asian countries of the International Partnership for Satoyama 
Initiative (IPSI). Sharing knowledge of various place-based solution types in differ-
ent social-ecological contexts helps provide more purposeful and deliberate designs 
of SEPLS with multiple benefits.
Chapter 8 reviewed the effectiveness of biodiversity SPIs by examining the dif-
ferent features of effective SPIs, including capacity building, trust building, adapt-
ability, and continuity. The chapter concluded that effective, interdisciplinary SPIs 
and timely and relevant inputs for policymakers are required to ensure more 
dynamic, iterative, and collaborative interactions between policymakers and 
other actors.
9.2  Implications for Transformative Changes toward 
Sustainability
The IPBES Global Assessment (IPBES 2019) stressed that “goals for conserving 
and sustainably using nature and achieving sustainability cannot be met by current 
trajectories, and goals for 2030 and beyond may only be achieved through transfor-
mative changes across economic, social, political and technological factors.” It is 
necessary for us to conserve, restore, and use nature sustainably while simultane-
ously meeting other global societal goals through extensive efforts that foster trans-
formative change. Transformations toward sustainability can be triggered by 
following key leverage points: (1) visions of a good life; (2) total consumption and 
waste; (3) values and action; (4) inequalities; (5) justice and inclusion in conserva-
tion; (6) externalities and telecoupling; (7) technology, innovation, and investment; 
and (8) education and knowledge generation and sharing (IPBES 2019). Regariding 
these leverage points, Table 9.2 summarizes relevant approaches and insights linked 
to these leverage points as highlighted by the different experiences captured in this 
book. The Convention on Biological Diversity (CBD) has also been advocating the 
need to have a systems approach to address conservation and human well-being 
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needs and has been emphasizing the need to embark on transformative change and 
manage transitions toward sustainable pathways (CBD 2017, 2018).
9.3  Afterword: Future Research Directions
This book presents contemporary experiences and analyses of community-based 
approaches to the sustainable resource management of SEPLS primarily based on 
experiences in Asia. The different cases highlight several pertinent issues regarding 
land/seascape approaches. First, empirical evidence illustrating the relevance of 
landscape approaches to the conservation of natural resources, contributions to 
economies, and sustainable livelihoods is compelling. The landscape approach is by 
nature an integrated approach that cuts across sectoral divisions and various policy 
priorities (e.g., environment, rural development, water management, health, and 
food security) and has a systemic focus on both the ecological and social dimen-
sions within the land/seascape.
This implies that the interconnectedness of natural and human systems is highly 
entrenched in such areas and that the utilization and management of resources, even 
if driven by contextual priorities, have certain broad similarities, including those 
related to maintaining the multifunctionality of the landscape and ensuring a diver-
sity of resources, a diversity of income sources based on primary production and 
services, and endogenous approaches that integrate traditional and modern practices 
and knowledge to ensure more sustainable outcomes. However, the experiences 
related in this book also indicate that sustaining such an ideal and idyllic scenario is 
fraught with various challenges ranging from policy drivers, changing priorities of 
the local population, demographic changes, the impact of distant market forces, the 
erosion of traditional practices, the homogenization of cropping practices, and 
changes in land use.
Addressing these challenges requires a comprehensive approach beginning with 
a clear understanding of changes in the natural resources and in the various drivers 
of change and of the implications for a good quality of life for the population. 
Possible solutions and pathways for the development that are participatory and 
inclusive in nature and ensuring a good alignment between macro policy goals and 
landscape level priorities need to be identified and implemented. New solutions may 
require the creation of flexible legal frameworks that protects the interests of, and 
reduces political constraints for, collaborative efforts in land/seascapes (Plieninger 
et al. 2018). This also implies an enhanced mandate for future research priorities 
focused on integrated approaches to landscape management to build inventories on 
the management, natural state, and drivers of change; to develop methodologies that 
further high fidelity scenarios developed using participatory approaches involving 
stakeholders on the ground; and to ensure that actions are taken at multiple scales, 
including local, regional, and beyond, and are aligned with new conceptual and 
9 Synthesis: Managing Socio-ecological Production Landscapes and Seascapes…
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policy concepts related to nature’s contributions to people and sustainable develop-
ment goals (Saito and Ichikawa 2014; Saito 2017). A global IPBES assessment 
identified similar gaps in knowledge, research, and resources (IPBES 2019). It is 
clear from the case studies in this book that it is possible to compare various policy 
outcomes from real-world experiences. Such experiences also highlight the utility 
of incorporating other ways of knowing, including data and trends of natural 
resources as observed by local communities, well-being parameters, and related 
drivers of change that can enhance existing knowledge of these subjects.
The effectiveness of any policy is reflected in how it is adopted and deployed by 
the people who are considered the most proximate stakeholders, whether in terms of 
resource proximity and/or impacts of outcomes. To ensure adoption, it is important 
that policies are sensitive to the priorities and challenges of such stakeholders. The 
chapters in this book provide a snapshot of possible approaches to streamline local 
and mainstream socio-ecological goals. We hope that it will serve to foster more 
creative thinking and support toward the revitalization of dynamic socio-ecological 
systems, enabling locally led conservation actions and broad-based development 
across different regions of the world.
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